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THE BAROSSA ARCHED CONCRETE DAM IN SOUTH 
AUSTRALIA. 

By Alex. B.~Moncrieff,* M. Am. Soc. C. E., M. 
Inst. C. E. 

The accompanying photographs illustrate the 

highest arehed concrete dam in Australia, which 

has recently been completed by the South Aus- 


~ 


The Barossa Water-works were constructed for 
the supply of the town of Gawler, South Australia, 
and the surrounding farming district, the water 
to be delivered in cast-iron pipes under pressure 
for domestic purposes and stock, with a small 
surplus for garden irrigation, the supply being 
estimated at 1,000 million gallons per annum. The 
total expenditure approved by Parliament ‘n No- 


a tunnel into a storage basin having a capacity of 
1.000 million gallons. The tunnel is 7,400 ft. long. 
about 7 ft. 6 ins. in diameter, and lined with con- 
crete for about half its length. The storage basin 
is protected against impure drainage by an in- 
tercepting channel 114 miles in length, and is pro- 
vided with outlet works, there being a main 22 
ins. and 18 ins. in diameter, and about 7 miles 


ARCHED CONCRETE DAM AT BAROSSA, SOUTH AUSTRALIA. 
Alex. B. Moncrieff, M. Am. Soc. C. E., M. Inst. C. E., Chief Engineer. 


tralian Government at Barossa, near Gawler. The 
top of the dam is 94 ft. above the ground line, 
and it is only 4 ft. 6 ins. wide at the top. The 
createst thickness of concrete above the line of 
foundation is 84 ft. at the ground line. The dam 
‘s an arch with a radius of 200 ft. and the total 


length of the are of the circle formed by the top 
the dam ts 472 ft, 


vaeineer-In-Chief, South Australian Government, Ade- 


vember, 1898, for the original scheme was £225,- 
000. The work was commenced in March, 1899, 
and was completed in February, 1903, at a cost of 
£169,947—the saving on the original estimate be- 
ing due to the substitution of an arched concrete 
dam for a structure of gravity type, as originally 
proposed, 

‘Ihe original scheme included a concret2 weir 
across the Para River, from which, when the 
dirty fidofls have passed, water is taken through 


long to the town of Gawler, the said main being 
constructed of steel on the locking-bar principle, 
already illustrated in the columns of Eng!- 
neering News (Dec. 29, 1898). 

The chief interest of the works lies in two par- 
tieulars, viz., that the supply from the intermit- 
tently flowing river is under complete control by 
means of cast-iron doors at the entrance to the 
tunrel, dirty flood waters being rigorously ex- 
cluded, and that the large storage is bchind the 
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arched concrete dam of the unusual dimensions 


given above. 


‘The dam is situated in a narrow valley with a 
steep rock cliff about 100 ft. in height on one 
side and a gently sloping spur of the range on the 
other. The accompanying cross-sections and plan 
of the dam show the general dimensions and 
quantities. 

The foundations throughout were carried down 
to solid rock, and the excavation was carefully 


oint horizontally ani vertically. Rubble dis- 


placers or “plums” of gneiss rock were placed in 
the concrete, the rule observed being that no 


1 


arge stone should be nearer to any other than 


6 ins. 


When the general level of the concrete had 


risen nearly to the natural surface of the gravel 
molding timbers were introduced, which were 
hung on bolts built into the wall at every 4 ft. 


vertical. 


Previous to insertion, these bolts were 


not take place until September, 1903. 7 
mospheric temperature during construction 
dam ranged between 30° and 168° F. ly 
weather the concrete was covered wit) 
mattresses, and a number of small smoki; 
in tar drums were burnt at intervals on , 
along the top of the wall with beneficia] 
Since completion, and from observation 
during six days upon which equal ext 
temperatures amounting to 50° prevailed, 
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A VIEW OF THE BAROSSA RESERVOIR LOOKING TOWARD THE DAM. 


stepped for the reception of the thrust of the arch 
into the hill on both sides. The utmost care was 
taken that the whole of the ingredients should 
be as uniform as possible, and, to insure this re- 
sult, they were all dealt with by weight, the ap- 
pliances used for this purpose being automatic. 
Numerous tests were made before determining the 
proportions of the various aggregates and cement 
to be used in the concrete in order that a water- 
tight dam might be insured. A number of 2-ft. 
cube concrete blocks were manufactured with 
varying proportions of ingredients, placed under 
hydrostatic pressure of 200 ft., and proved imper- 
vious before the proportions of the material to be 
used in the concrete were finally determined. The 
sand and stone were carefully washed and the 


covered with paper from the cement casks and 
tied around with cotton, which formed an effec- 
tive method of facilitating their removal from 
the wall, leaving the paper behind. The paper 
was then scraped out, the holes hosed, and filled 
with mortar. As the wall grew in height, the 
molding timbers were raised to the bolts above 
and those on the vertical side were carefully fixed 
in the correct position at intervals of 10 ft. by 
sighting with the theodolite. When within 15 ft. 
of the top of the wall, the use of the large “plums” 
was discontinued on account of the narrow width, 
and string courses of iron tramrails were built in 
horizontally, about 40 tons being so used. The 
work of concreting was commenced in August, 
1900, and completed in September, 1902, or at the 


“ 


PLAN OF BAROSSA DAM. 


cement was aerated for 14 days before using. The 
quantity of cement necessary to produce half a 
cubic yard of concrete was then mixed with the 
required proportions of sand in two operations and 
tipped in layers between the various charges cf 
aggregate to assist in thorough incorporation. 
The combined aggregates, sand and cement, were 
then passed through a Messent concrete mixer 
and immediately placed in the work, the courses 
being so proportioned as to thoroughly bond with 
the concrete above and below and also tu break 


rate of about 30 cu. yds. of concrete and 5 cu. 
yds. of displacers per diem, which was considered 
sufficient for uniformity in the setting of the mass. 
Upon completion, the cubic contents of the work 
were carefully measured and agreed with the fig- 
ures arrived at by weighing in. The cost of the 
rubble concrete was 38s. 94. ($9.30) per cu. yd. 
Instructions were given that the water should 
be allowed to rise in the basin of the reservoir as 
the work proceeded, and this was done as far as 
pussible, but the final filling pf -the reservuir did 


of the wall at the crown was found to tilt up- 
stream to the extent of %-in., thus showing an 
expansion of about 114 ins. in the total length 

So far, the principles upon which this dam was 
constructed have given satisfactory results, and 
the writer would not hesitate to recommen’ the 
adoption of the same principles in carrying cut 
much larger works where the situation was suit- 
able and where proper materials were obtainable 
The construction, especially of the upper or 
thinner part of the dam during the winter sea- 
son and the insertion of steel bars therein, I look 
upon as advisable, and am decidedly of the 
opinion that a properly constructed concrete 
work, all the materials of which are practically 
of the same specific gravity, is better than a 
composite structure consisting partly of masonry 
and partly of concrete. 


SINGLE-PHASE RAILWAYS.* 
By W. A. Blanck.+ 


In perhaps no line of electrical industry has there been 
greater activity than in that of interurban railway con- 
struction, until at the present time throughout the United 
States (and particularly in the Central States) this de- 
velopment has reached a magnitude entirely beyond the 
expectation of the most sanguine of a decade since. There 
aré many cases in which an electric railway would be of 
doubtful value to the owners with the present direct-cur- 
rent system, involving the use of rotary converter substa- 
tion and low trolley voltage, but would be very profitable 
in case a system can be developed which will materially 
reduce the cost per mile. For some time the perfection of 
a single phase motor has been suggested as the solu- 
tion of this problem, since it allows great reduction in 
the cost of the transmission system. 

The present activity in the evolution of the single-phase 
railwav motor gives added interest to the problem, and 
there is a: marked decrease in the cost of a typical line 
with high-voltage trolley and static transformer stations 
in the single-phase railway system. The first vital ques- 
tion which arises in this connection is the development 
of a single-phase alternating-current motor which will 
operate satisfactorily under the conditions imposed by 
railway service, and a short account of the present state 
of the art will not be out of place. 

SYNCHRONOUS MOTOR.—Since the synchronous mo- 
tor requires a separately excited field, has no staring 
torque and cannot be run at variable speed, its direct 
application in railway traction is impossible. It bas, 
therefore, been proposed by Ward Leonard to use the 
synchronous motor in combination with a direct-current 


*Abstract of a paper read before the local chapters of 
the American Institute of Electrical Engineers at © a- 
cinnati, O., and Chicagp, in February and March, 


t 
Chivago, 


Arnold Power Station Margistte 


all i 7 
| 
| 
| 
| 
| 
| 
| | 
| | 
| 
| 
+3 
4 
4 
} 
Concrete block 3 
|| 
» 
i 
36 “Scour Valve 
3 


April 7, 1904- 


ENGINEERING NEWS. 


323 


rator, the latter to furnish direct current to the 
ard induction motor shows the 
-culiarities in respect to starting and speed control 
<ynchronous motor, but to overcome these Mr. Bion 

ia proposes & suitable combination of the induc- 

otor with a mechanical storage battery, consisting 

ait compressor and tank (Engineering News, Jan. 

7 1). In this system both parts of the motor are 
; rotate and maintain a constant relative speed. 
or is geared to the axle and also connected to one 


27:34 


N 


RL. 754-25 


earth & ¢ 


>>> > > > ; 


air cylinder. The stator is connected to a second air 
cylinder, in which air is being compressed, when the 
ear is running at less than full speed. With the car run- 
ning at full speed the stator is at rest and no compres- 
sion work done. By admitting air to the cylinder and ro- 
tating the stator in the same direction as the rotor the 
ear can be run with over synchronous speed. 

This combination, with the induction motor continually 
running, makes it possible to store energy when the car 
is coasting or stopped and to utilize this energy during ac- 
celeration. This system allows the operation of the car 

by compressed air for a limited period in case 
it is desirable to run without overhead con- 
ductor. 


SERIES MOTOR.—The alternating-current 
series motor, as proposed by Lamme and 
Finzi and manufactured by the Westinghouse 
Electric & Mfg. Co., possesses all the char- 
acteristics of a direct-current series motor, 
and is, therefore, directly applicable to rail- 
way work. The current passes in series 
through the field and armature, which latter 
is similar to the ordinary direct-current 
drum-type armature with commutator. As 
the direction of rotation in the ordinary di- 
rect-current motor is not dependent on the 
direction of the current, it will operate with 
alternating as well as with direct current. 
Since the series commutator motor cannot be 
operated at high voltage, it is necessary to 
use a step-down transformer in connection 
with a high tension trolley, thus increasing 
the weight of the car equipment. 


REPULSION INDUCTION MOTOR.—This 
motor, developed by Steinmetz and Schuler, 
and manufactured by the General Electric 
Co., shows in general the same performance 
as the straight series motor and can be fed 
directly from the high tension trolley, since 
the armature is independent of the field. The 
current is induced in the armature by trans- 
former action and can be of any desired 
voltage. The brushes are short-circuited and 
placed at such angle as will give best run- 
ning conditions. 

REPULSION SERIES MOTOR.—This mo- 
tor, developed by Winter and Ejichberg, and 
built by the Union Electric Co., Berlin, Ger- 
many, is similar to the repulsion induction 
motor with the addition of a second set of 
<> brushes, displaced 90° from the short-cir- 
SS cuited brushes. Through these brushes cur- 
rent is supplied by a series transformer, for 
the purpose of decreasing the sparking at less 
than synchronous speed and at the same time 
securing the important additional advantage 
of raising the power factor nearly to unity. 
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CROSS-SECTION AT CENTER OF BAROSSA DAM. 


DESCRIPTION OF CONCRETE USED. 
Metal through 7a and caught on 14-in. ring—4%-in. parts 


—2-in. Specine gravity 2.45, about 35% voids. 


Screen’gs -in.** “ ¥-in, “ —1-in. 


Mortar... Alsen’s Portland cement, 1 part. 
Sand, % from River Para, 
These ingredients weighed and the 


rock breaker—1\% parts. 
amount of each necessary to produce 1 cu. yd. is shown on section; also 


percentage of mortar allowed in excess of voids in aggregate. The average concrete (including mortar for bed- 


‘ng plums) was 3.6:1.5:1 


4 FINAL QUANTITIES (Dam and Foundation). 


17,975 cu. yds. rubble concrete...... 


15,760 
2 215 


cu. yds. cement concrete, 
rubble displacers (plums). 


CONTROLLBPRS.—In general the operation of the last 
threa@ motor systems is effected by master controllers 
operating suitable contactors to get the desired combina 
tions. Induction regulators are used in all three cases to 
secure the voltage variation necessary for speed control, 
thus avoiding the losses consequent to the rheostatic con- 
trol of the direct-current system. 

CAR WIRING.—In order to protect passengers and crew 
form the high potential used in this system, it is neces- 
sary that the wiring should be done in metallic conduit, 
this should be connected to the trucks so that any defect 
in the insulation of the circuit will result in the tripping 
of the automatic circuit breaker in the car. Moreover, it 
will be necessary to insulate the steps and hand-rails to 
guard the passengers from shocks, which might result 
from wet weather or the car standing on a dirty rail. 

TROLLEY BOW.—Witb the high-tension working con 
ductor it is necessary to provide against any possible 
short-circuiting of the trolley and its suspensions. On ac 
count of the serious results which would follow the slip- 
ping of the trolley pole so common in the present system, 
a suitable bow must be used instead. The bow should 
be of such length that no manipulation will be necessary 
in reversing the car. This trolley bow is mounted on a 
well insulated platform on the roof of the car, which also 
supports the springs necessary to maintain the requivite 
pressure between the bow and the trolley wire. A small 
air cylinder, mounted on the same platform, operated by 
compressed air from the brake system, should be so con 
nected as to lay the bow flat on the roof of the car in case 
the necessity arises to temporarily disconnect the bow from 
the trolley. 

The contact part of the bow can be made either of soft 
copper or aluminum and the necessary “lubrication is ac- 
complished by grease applied in a slot extending the 
length of the bow. The bow trolley in use on the Val- 
tellina railway in northern Italy, with a working pressure 
of 3,000 volts, consists of copper cylinders rolling in in- 
sulated ball bearings. Brushes take the current from 
these revolving cylinders to the steel tubes carrying the 
contact piece. 


TROLLEY LINE CONSTRUCTION.—Great care must 
be given to the construction of the high-tension trolley 
line in order to avoid damage to life and property. Not- 
withstanding the prevalent idea that the danger of these 
high-tension trolleys will handicap the development of al- 
ternating-current railways operated over public property, 
there is no reason why they should not be made as safe 
as the high-tension distributing systems of lighting com- 
panies, now so common on public property. It is of the 
first importance to provide such a hanger as will readily 
Withstand the working pressure of the system and can be 
easily replaced in case of mechanical or electrical defect. 

In the trolley line construction on the Valtellina rail- 
way, the bolt carrying the trolley clamp is surrounded 
by an insulating compound, called ambroin, and set into 
a malleable iron bell provided with clamp arms to secure 
it to the span wire. A cast-iron cap screw holds the in- 
sulated bolt firmly in place. In the construction used on 
the Lansing, St. Johns & St. Louis Ry., in Michigan (En- 
gineering News, Jan. 7), the hanger consists of a special 
high-tension glass insulator fastened to the span wire in 
the usval way. The working conductor is carried by an 
iron pin inserted in a wooden sleeve on which a thread is 
turned to fit the glass of the'insulator. A thin lead 
bushing allows the insulator to be firmly clamped by the 
malleable iron supports, thus preventing the hanger from 
jarring loose. 

If the road passes along a public highway, special pre 
cautions should be taken to avoid accident. In one sys- 
tem the working conductor is suspended ai intervals of 
about 10 ft. from two steel wires, forming, with the 
bracket arm, an inverted triangle. In case of mechanical 
break in the trolley wire it is evident that the end cannot 
reach the ground or injure passers by. It might be 
noted in passing that this construction increases the car- 
rying capacity of the trolley with but slightly greater in- 
vestment. A construction somewhat similar to this is in 
use on the single-phase railroad near Berlin. 

In regard to rail return, it may be said that with the 
proposed frequency of 25 cycles per second and the small 
current required with the higher voltage this portion of 
loss will be even smaller than in direct-current work, so 
that for normal interurban service it will be sufficient to 
bond only one rail. This has the advantage (greatly to be 
desired in many cases) of leaving the other rail free for 
the purpose of block signal connections. Furthermore, 
the evils of electrolysis are completely avoided with the 
alternating current system. 

In order to consider more in detail the relative merits 
of the alternating-current and direct-current systems of 
Aistribution, a comparison may be made for a 60-mile 
single-track interurban railway. We will assume the 
power house to be located at the center of the line and 
to contain one substation, and that the four remaining 
substations are located at equal intervals on the line. Al- 
though the alternating-current system would not require 
substations at so frequent intervals, they are retained on 
account of the advantage to be derived from the sectional- 
izing of the line and the more advantageous distribution 
of power due to the larger number of feeding points. The 
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schedule proposed consists of five local cars having one 
hour headway; one express car, making the round trip 
in three hours, and one freight and baggage car making 
the trip between the two terminals in about eight hours. 
The average power required by the various cars will be as 
follows: 

Weight Schedule Watt-hrs. KW.-hrs. Average 


in speed per per power 

tons. m. p. h. ton mile. Kilowatts. 
Local car.... 30 80 14 60 
Express car.. 35 42.8 110 231 1% 
Freight car... 30 12.5 70 126 23 


With the schedule outlined above, the average load on 
all five substations will be about 500 KW., or 100 KW. 


NX 
i 


in Fails here 


Shallow Notch 


Elevation of Balance. 


Plan of Balance. 


per substation, while the maximum load per substation 
under certain conditions is 450 KW., as when the ex- 
press car is starting and two locals are running in one 
section. With a proper momentary overload allowance 
this assumed condition will require one 300-KW. rotary 
converter per substation, to be installed in the direct- 
current system. In the alternating-current system, how- 
ever, a static transformer of 200 KW. capacity per sub- 
station will be ample. The maximum load at the power 
house will be 800 KW., and two 400-KW. units will suf- 
fice, tf for the purpose of this comparative study no re- 
serve capacity be provided either in power house or sub- 
stations. 

As to the motor equipment in the two systems, at pres- 
ent the alternating-current motor weighs somewhat more 
than the direct-current motor and operates at a slightly 
lower efficiency. However, the smaller efficiency of the 
alternating-current motor is more than counterbalanced 
by the small percentage loss in the alternating-current dis- 
tributing system. And, with the rapid development now 
taking place in this motor, it is safe to assume that in the 
very near future its characteristics as to weight and effi- 
ciency will equal those of the direct-current _ motor, 
thus making the advantage of the alternating current 
railway system still more evident. An idea of the rela- 
tive investments for the two systems may be best obtained 
by comparing the cost of the various items: 


| Direct Alternating 
current. current. 
Power house and plant........... $103,000 $106,500 
Substation at power house....... 12,600 4, 
Transmission line (48 miles)...... 22,500 20,500 
Substations and plants (4)....... 54,000 28,000 
Trolley line and feeders.......... 156,000 78,000 
Bonding 32,000 16,000 
Cost per mile 
Difference in favor of alternating-current, per mile, 


$1,955. 

It is not necessary to take up in detail all the items, as 
they speak for themselves, but it may be of interest to 
note some items in which the costs vary more widely. 
The single-phase generators, as would be expected, cost 
nearly 30% more than three-phase generators, the extra 
cost amounting to $5,000. Small savings on switchboard 
and wiring reduce the total for the power house $3,500 in 
favor of the direct-current system. For the substation in 
the power house, principally on account of saving in con- 
verter and transformer capacity, the balance is $8,000 in 
favor of the alternating-current system. The transmis- 
sion systems are approximately the same, there being 
$2,000 ‘in favor of the alternating-current system. 

In the alternating-current distributing system, while the 
suspension of the trolley is noticeable more expensive 


than in the direct-current system, on account of special 
insulators, the immense saving in copper gives a balance 
of $78,000 in favor of the alternating current system (trol- 
ley wire, $95,000 for direct-current and $21,500 for alter- 
nating-current). The necessity of bonding but one rail 
effects a saving of $16,000 in favor of the alternating-cur- 
rent system. A very liberal allowance has been made by 
placing the cost of the alternating-current motor equip- 
ments one-third higher than that of the direct-current mo- 
tor equipment; this, as above noted, is the present cost of 
alternating-current equipment, and without doubt in the 
near future this difference will be greatly reduced. 

The total saving by the use of the alternating-current 


Material to Mixer 


{ / cu. ya. Truck to take 


| Stee/ Rail, 18 {bs. 


Details of Balance. 


APPARATUS USED IN WEIGHING 
CONCRETE INGREDIENTS FOR 
BAROSSA DAM. 


(The measuring conveyor is balanced to 
run on the wheels A and is run back un- 
til they drop into a shallow notch on the 
rails. The door of the metal bin is then 
opened and the box allowed to fill until 
the lead weight commences to rise when it 
may be pushed into the position shown for 
tipping, being aided by gravity.) 


system is $1,965 per mile. Expressed in percentage this 
means that the alternating-current system effects a sav- 
ing of 25% of the cost of the direct-current system; or, to 
state the relation in other words, the cost of the direct- 
current system is 32% more than the cost of the alternat- 
ing-current system, a showing most favorable for the lat- 
ter, and this indeed during the first year that this ap- 
paratus has been on the market. 


HIGH-PRESSURE MULTI-STAGE TURBINE PUMPS WITH 
SPECIAL BALANCING DEVICE. 


To apply electric motors to the work of pumping, 
rotary or “centrifugal” forms of pump are almost 
essential. The objection to the conventional style 
of centrifugal pump for most classes of pumping 
service is its unsuitability for working against 
even moderately high pressure. Moreover, even 
at the most favorable pressure for a given pump 
of this kind, its efficiency is not very great, pos- 
sibly 60% as a maximum, falling off rapidly as the 
pressure increases or diminishes. 

High efficiency in centrifugal or rotary pumps 
need not primarily be considered a desideratum. 
Ability to pump against high heads, however, is 
absolutely essential to any great extension of the 
field of usefulness of the rotary pump. This fact 
lent great value and interest to the introduction 
of a type of pump developed in a scientific manner 
from the principles governing turbine construc- 
tion. European engineers were the pioneers in 
this. Turbine pumps of excellent design, suited 
for very high heads and giving satisfactory ef- 
ficiency, have been built in Europe for a number 
of years.* More recently, American pump builders 
have entered the same field. Some illustrations 
and data of the turbine pumps of one American 
maker, the Byron Jackson Machine Works, of 
San Francisco, Cal., are given in the following. 

It is to be noted that centrifugal pumps of the 
ordinary kind have in some cases been adapted 
to heads higher than a single pump could serve, 
by coupling them in series, so that each pump 
worked against only a part of the total delivery 
head. Essentially the same thing must usually 
be done with turbine pumps, with the difference 


*See a description of a four-stage turbine pump built 
yy the Swiss firm of Sulzer Bros., 
1902. 


in Eng. News of Jan. 


further held by bearings formed in the si: 


that in this case each separate pump . 
is able to pump against five to ten times = 
ing head of the ordinary centrifuga! pu 
difference is wholly due to careful de< 
impeller blades and the addition of guiq : 
(like those in turbines) for the purp.: riser 
verting velocity into pressure with mini, 
losses. The pumps shown and descri| 
following are multi-stage turbine pumy th 
kind. 

The operating elements of the Jacks 
are rotating impellers containing spira 
water passages, and fixed guide passag 
successive impellers. The water enters « 
sages of each impeller at the center ay 
rotation is forced out to a collecting cha 
rounding the periphery of the impeller. 1 
which lead the water from here back to ¢) 
of the next impeller are suitably curve ; 
guide passages, similar in action to {) guide 
buckets of a turbine. The water then «:: the 
next impeller in an axial direction, its r.: 
tion having been transformed by the ev 
sages into rectilinear motion. 

Fig. 1, a drawing of a vertical pump in 
shows the relative arrangement of i; 
(marked A) and guide passages (B). Th 
shown has the suction entrance at the 
discharge leaves the collecting chamber of |) jas: 
(lowest) impeller in a tangential directi: The 
shaft rests in a thrust bearing at the top, 


tion, 
ellers 
pump 
; the 


ind is 
‘essive 
sections of the case. At the bottom it is provideg 
with a special balancing arrangement, described 
below. Each impeller, where it joins the guide 


passages of the preceding case section, fitted 
into the case so as to form as tight a jeint as pos- 
sible without introducing any great frictional) re- 
sistance to rotation. With the exception of the 
entrance opening, the external surface of the im- 
peller is exposed to the delivery pressure, so that 


4 


Suction 


SWS | 


Discharge 


Fig. 1. Longitudinal Section of Vertical Three- 
Stage Turbine Pump. 
Byron Jackson Machine Works, San Francisco, Cal., 


Builders. 


there is a resultant upward pressure on each n- 
peller, equal to the afea of its entrance multiplied 
by the difference between the entrance and dis- 
charge pressures of that stage. If all the impe /«rs 
are alike, the total upward thrust is equal to the 
product of entrance area multiplied by the to‘! 
head on the pump. The pumps are so pro) D 
tioned that this upward thrust slightly exc’ ~ds 
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. weight of the rotating portion, consisting of 
jers and shaft. The excess of upward pres- 
ss however, is relieved by the balancing flevice 
-o@ at the lower end of the shaft, with the re- 
. spat the rotating part is precisely balanced, 
--)ieving the thrust bearing of all load while 
is running. 


Discharge t 


4% 
A 


SAN 


slightly larger than the entrance opening of the 
impeller, it serves to eliminate all thrust on the 
impeller in the direction of the suction (since the 
remainder of the external surface is exposed to 
the discharge pressure), and produces instead a 
small thrust directed toward the discharge end. 


. This small resultant thrust is taken up by a bal- 


ancing device at the end of the shaft precisely 
similar to that used in the vertical type of pump, 
as described above. The balancing action thus 
secured serves to fix the endwise position of the 


The balancing device referred to consists of two 
chambers, C and D, formed centrally in the bottom 
of the lowest section of the pump case. The large 
clamber, C, encloses a projecting hub, BE, on the 
lower surface of the impeller. This hub of course 
rotates with the impeller, and the joint between 
the hub and the walls of the chamber is, there- 
fore, loose enough to allow water from the de- 
livery side of the last impeller to leak into cham- 
ber C and establish the full discharge pressure in 
that chamber. The small lower chamber, D, con- 
tains a plug H, which may be adjusted endways 
by means of screws. The forward end of this plug 
fits closely into a recess in the face of the hub, E, 
which recess communicates, by way of the hollow 
central part of the hub and the passages g, with 
the entrance side of the last impeller. The action 
of the device is as follows: When chamber C be- 
comes filled with water, or rather when leakage 
through the joint around the hub E has raised 
the pressure in the chamber C to the delivery 
pressure, the total upward pressure on the im- 
pellers is greater than the total weight of the 
rotating part of the pump. The rotating element 
is therefore lifted until the recess in hub E is 
raised clear of the plug H. In this position the 
pressure in chamber C is relieved through the 
passages g, with the result that the rotating e!e- 
ment again settles down over the adjusting plug 
H. As this action tends to recur, a position of 
equilibrium is established near the point where 
the plug just enters the recess in the hub E. The 
precise position of this point may be altered by 
the adjusting screws of the plug H, thereby ad. 
justing the endwise position of the impellers in the 
casing. When the pump is not in operation, of 
course the upward pressure of the water does not 
act, and the weight of the rotating part must be 
carried by the thrust bearing. 

When these pumps are built with horizontal 
Shaft, the unbalanced pressure which is thus 
turned to account in the vertical pump becomes 
harmful and must be avoided. The arrangement 
by which this is accomplished is shown in Fig. 
-, where the letters A and B designate respectively 
‘he impellers and the guide passages as before. 
The rear of each impeller, that is, the side oppo- 
rita) the entrance opening, bears a short annular 

‘jection, 8, fitting within a similar ring, t, pro- 
‘Ung from the casing. The circular chamber 

“ned by these two rings communicates, through 
‘°S, V, in the web of the impeller, with the en- 

‘nee side of the impeller. The chamber being 


T 


FIG. 2. SECTION OF HORIZONTAL TURBINE PUMP. 


rotating part; moreover, it affords sufficient 
margin to compensate for longitudinal thrusts 
which may result from causes such as slightly 
non-central position of the impellers in their 
casing. 

Pumps of this design are built for heads of from 
100 to 2,000 ft., the number of separate impellers 
or “stages” being properly proportioned to the 
head, About 100 to 250 ft. head per stage appears 
to be allowed. A high efficiency of working, from 
70 to 80%, is said to be realized. 


turers that the official test showed it to have 
an efficiency of 82%. 

A vertical pump of four stages is shown in Fig. 
4. It has a discharge capacity of 450 gallons per 
minute, and delivers against a head of 500 ft. The 
same type of pump, however, can work against 
heads up to 800 ft. The mounting of the pump in 
the present instance is at the bottom of a 200-ft. 
pit; the pump shaft leads vertically to the sur- 
face, where it is driven by belt. This pump was 
built for the Rubio Canon (Cal.) Water Co. A 
closely similar installation has been made for the 
city water-works of New Albany, Ind., where two 
vertical three-stage pumps operate under a head 
of 310 ft. The pumps are located in a 30-ft. pit, 
and their shafts are extended to the surface, 
where they carry each a 200-HP. induction motor 
mounted directly on the shaft. The balancing 
action of the pump was in this case designed to be 
sufficient to carry the entire weight of the rotating 
part, that is, rotor, shaft and pump impellers. 


THE OPPORTUNITIES IN THE ELECTRICAL BUSINESS. 
By George A. Damon.7j 


(The author recently sent a letter to 100 prom- 
inent young men in Chicago engaged in various 
branches of the electrical industry, inquiring con- 
cerning their age, education and rate of salary, 
with a view to ascertain by the actual experience 
of men in the electrical business what were the 
prospects of a youth engaging in this field of 
work. As young men are in control in the elec- 
trical business, the inquiry was confined to men 
between the ages of 27 and 45. The following is 
an analysis of the results of the inquiry as pre- 
sented by Mr. Damon.) é 

An effort was made to make the list representative, and 
the men were selected on account of their positions with- 
out reference to their incomes. It is to be understood 
that the dollar is not the most desirable standard by which 
to measure men individually, but looked upon as a class, 
a study of the averages furnished by the inquiry is inter- 
esting and may be made instructive. The hundred men 
may be divided into the groups given in the table at the 
top of the following column. 

Salesmen who have technical ability or possess engi- 
neering information, as a rule, get better salaries than 
those who do not. Add initiative and executive ability to 
the salesman’'s ability and he becomes a sales manager 
with a still greater reward. Enterprise and energy put 


Enc. News. 


FIG. 3. HORIZONTAL TWO-STAGE TURBINE PUMP DIRECT-CONNECTED T 


INDUCTION 


MOTOR. 


The horizontal two-stage pump shown in Fig. 3 
is one built for the water-works of the city-of 
Stockton, Cal., for delivering 1,500 gallons per 
minute against a head of 140 ft., at 690 r. p. m. 
It is driven by a 75-HP. induction motor of the 
Westinghouse Electric & Mfg. Co., of Pittsburg, 
Pa. Pump and motor are mounted on a common 
base, and their shafts are solidly coupled. This 
Pump was guayanteed to have an efficiency of at 
least 75%, but we are informed by the manufac- 


the man in possession of his own business, or often result 
in a partnership arrangement. A technical man without 
the commercial instinct is only fairly well paid. Ability 
to develop new methods or apparatus puts him in the 
expert class where the rewards are greater and in pro- 
portion to his ability. Routine work, such as operating. 
is the least remunerative work of all. Operating man- 

*Abstract of a paper read before the Electrical Séetion 


of the Western jety of Engineers, Chicago, on 
March 18. 


tManaging Engineer, Arnold Electric Power Station Co, 
Chicago. 
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Average Average 
No. of men. age. income. 
Sales managers ........... 11 36 38,400 
Business men............. 10 36 4,800 
Sales engineers 35 2,350 
Electrical engineers ....... 16 33 2,800 
Constructing Engineers.... 6 33 2,850 
Electrical experts ......... 8 33 3,200 
Operating engineers....... 3 32 . 2,250 
Operating managers and 
superintendents ....... 10 34 3,550 
Professors and editors..... 8 34 2,500 
Patent attorneys ........ .4 32 4,000 
Consulting engineers....... 9 40 6,400 


General averages: age, 33% years; income, $3.440. 
' Classified in reference to incomes, the record is as fol- 
ows: 


Income over $10,000 per year... 
Income between $5,000 and $10,000.................. 9 
Income between $2,400 and $5,000.......... 

Income below 


agers and superintendents, however, are very well paid. 
The editors were classed with the professors as there were 
too few to form a class with an average of their own. 
The phenomenal development along all electrical lines, 
and particularly in the telephone business, makes the 
profession of patent attorney a paying one for those who 


‘are qualified for that kind of work. The field of con- 


sulting electrical engineering looks attractive, but it will 
be noted that the average age is greater in this branch 
than in the others, which means that the successful con- 
sulting engineer brings to his work years of experience, 
and that it is therefore not a branch to be adopted at once 
by the young man. 

Of the men in the list, 40% are employed by what might 
be termed the “large’’ companies, such as the Western 
Electric, Chicago Edison, Chicago Telephone Co., etc.; 
35% either control the business in which they are engaged 
or own a partnership interest; 25% are not college gradu- 
ates; 20% never had any college education whatever. 

The average age of the 20 men who are succeeding 
without a college education is 36 years, and their success 
measured by a monetary standard shows an income of 
$3,670 per year. The average age of 16 graduates of 
Cornell is also 36 years, and their success measured by 
the same questionable standard is $4,940, which shows 
a balance of $1,270 per year in favor of a college educa- 
tion. It will be noted, however, that the 20 men without 
the education are gettitg along financially slightly better 
than the general average of $3,440 per year. This is ex- 
plained by the fact that in their number are included sev- 
eral men who are prospering as a result of their business 
enterprise. 

There are few non-technical men engaged in the strictly 
technical end of the business who reach the average in- 
come. There seem to be more openings for the man 
without a college training in the telephone field than in 
any other. Of our hundred examples, 75% are married. 
Only 56% belong to the American Institute of Electrical 
Engineers. 

The answers to the questions upon which an expression 
of opinion was asked resulted as follows: 80% think that 
a college education is essential to the highest success; 
70% are im favor of the technical graduate taking a shop 
course in a large manufacturing. company, but many 
wished to mit this course to one year; 55% are of the 
opinion that in choosing a life-work better chances for 
advancement will be found with the smaller companies; 
70% are in favor of requiring @ year’s. practical work 


of the student before graduation; 55% agree that the’ 


larger companies would be consulting the interest of the 
art at large by offering an apprentice course open to stu- 
dents during an intermission of one or two years before 
completing the senior year.- 

Each man included in the inquiry was asked to name 
the three fields which he considered most promising 
within the immediate future and the votes received are as 
follows: 


Central station Work 
Consulting engineering 
Management of properties. 5 
Reconstruction of plants ...... 
Turbines ..... os ° 2 


Wireless telegraphy, designing, high speed telegraphy, 
underground conduit construction, isolated plants, 
train lighting and municipal lighting, each...... 1 


As a result of personal observation, tempered somewhat 
by the opinions of the electrical men, with whom the 
questions have been discussed, the writer wishes to pre- 
sent the following conclusions: 

A COLLEGE EDUCATION.—A young man wishing to 
succeed in any branch of electrical industries makes a 
serious mistake if he fails to use every effort to obtain 
a technical education. A college course is becoming 
easier to obtain and it is already recognized as a general 


requirement for advancement. A young man of high 
aspirations, who is so situated that he cannot secure a 
university course, might better, nine times out of ten, 
take up some other branch of work which is less intricate 
than the electrical art. Nearly every man who is now 
making his way in the electrical business without a col- 
lege training, if asked what he would do if he had his 
life to live over will say: “I would secure a technical 
course in the best college I could find.” 

CORRESPONDENCE SCHOOLS.—A technical course in 
a correspondence school which can give the proper train- 
ing for an electrical engineer is yet to be produced. The 
correspondence schools are doing a good work and are 
to be recommended to those who cannot possibly avail 
themselves of a college course or get instruction in even- 
ing school, courses such as offered by Armour or Lewis 
Institutes, but a young man who will deliberately choose 
correspondence instruction if anything else is available 
is making a serious mistake. Of the 100 men in the list 
only two had completed a correspondence course. These 
two men were engaged in telephone work, and both voted 
in favor of a college course. 

PRACTICAL EXPERIENCE.—Practical experience is as 
essential as theoretical training. Too little attention has 
been paid by students in getting into thorough contact 
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Fig. 4. Vertical Four-Stage Turbine Pump. 


with the way things are actually done. This is the result 
of the general practice of allowing the young man to shift 
for-himself. An association of thoroughly successful men 
should exercise some supervision over the preparation of 
the coming generation. If it is true that the art is suffer- 
ing to-day from a lack of trained men ready to take up 
and solve the problems which are all about us, what must 
we expect of the morrow with its widening opportunities? 
The student branches of the American Institute of Elec- 
trical Engineers and the recently formed Edison Medal 
Association are moves in the right direction, but only a 
beginning toward realizing the possibilities. Consider- 
able attention is being given to develop the best techni- 
cal course, but a college training is less than half of an 
education. What constitutes the other half is a big prob- 
lem waiting for a comprehensive answer. 

‘SHOP COURSES.—The policy of the large companies in 
offering apprentice courses and opportunities for experi- 
ence in their testing departments is to be commended. 
This practice, as carried on in some cases, however is to 
be criticised. A representative of a large manufactur- 
ing company visits a technical school, offering to give po- 
sitions to all the members of the Senior class; the pro- 
fessor is highly complimented at this remarkable courtesy, 
and advises his students to accept. The “‘shop’’ course 
usually covers a period of two years. The hours are 


long and the pay is small. The “experic; 
the student may or may not justify the at 
depends largely on the man.”’ In the mea a ba 
company has a good opportunity to cele. Re 


which it requires for its own use, and ; ee 
the shop graduates have reason to feel ¢: ae 
the system; the others pass through days ~ one 
discouragement, and many leave the sho; ee 
of failure, which is sure to have an influ : Sense 
future. 2 their 


LEVI MECHANICAL FILTERS AT CHARLESTON. 
KANAWHA, W. VA. 
A mechanical filter plant with a wa 


ing system and sand screens of un oe 
has been in use at Charleston-Kana\} Ww 
for about four years, and a similar 
Sterling, Ky., since June, 1902. Both I on ve 
of the pressure type ahd neither mak co .« 
either stirring devices or compressed air in w ash. 
ing the sand. Revolving bars, howeve: re used 
to prevent clogging of the screening . em by 
sand. 

Water-works were built at Charleston jp 1885-6 
by the Charleston Water-Works Company. The 
works are now controlled by the Kanaw)i, Water 
& Light Co., and the name of the town has 
been changed to Charleston-Kanawha. 

The water supply, as far back as “Th. Manual 
of American Water-Works” for 1888, was de- 


scribed as follows: 


Elk River, by direct pumping, water being admitted 
"to city phen water throagh 

The filter then in use was one of the earliest of 
the mechanical filters ever built (the H) itt), and 
had a rated capacity of 500,000 gallons. Up to 
the close of 1896, at least, the water supply re- 
mained about as already described. In 1897, a 
settling reservoir, with an available storage ca- 
pacity of about 800,000 gallons, was built, and jn 
or about 1900 the old Hyatt filters, which had 
then been in service 13 years, were replaced by 
six units of Levi filters, to which two units were 
added in 1902. Each unit has a daily capacity of 
150,000 to 250,000 gallons, which for a filtering 
area 7 ft. in diameter, or 38.5 sq. ft. in area, gives 
a rate of 200,000,000 gallons per acre per day. 
(Acre = 43,560 sq. ft.) 

Water, when turbid, is pumped from Elk River 
to the settling reservoir, which is 100 x 100 ft. in 
plan at the water line, has slopes of 1 ft. hori- 
zontal to 5 ft. vertical, and a water depth of about 
12 ft. The high water line in this reservoir is 220 


_ ft. above the level of the sand in the filter beds. 


From the filters the water passes through a 10- 
in. main directly to the consumers, under a do- 
mestic pressure of 60 lbs. and a fire pressure of 90 
to 110 Ibs. When the water in the river is passa- 
bly clear, the water is pumped through the filters 
and to the consumers, direct, without going to 
the settling basin. When it is turbid the settling 
basin is used, and coagulant at the rate of }4 to 
1% grains per gallon is employed. Of this, two- 
thirds is applied in the water (the pump dis- 
charge), which goes to the settling basin, and 
one-third at the filters. The average quantity of 
water filtered is given as 2,000,000 gallons in 24 
hours. 

Fig. 1 shows one of the filter units in sectional 
plan and elevation, and Fig. 2 shows the details 
of the water-collecting system, including the 
screens, screen cages and the rustling bars. Each 
filter is provided with twelve radial collectors, 
which discharge into a central manifold. The 
screens are double, and together form a frustum 
of a cone. They are of sheet copper, perforated, 
and their edges are bent outwards on the lines of 
their horizontal diameters. They are protected 
above and supported below by cast-iron cages, 
as shown in detail by Fig. 2. Within each double 
screen, and fitting closely against it, is a revolv- 
ing bar, called a rustling bar, with a shank ex- 
tending through a stuffing box in the cap just 
mentioned. The rustling bars are revolved by 
hand, by means of a wrench, while the filter sand 
is being washed. By revolving the bars any sand 
in screen perforations will be dislodged. By (:aw- 
ing off the water from any filter unit and remiov- 
ing the proper-cap, any rustling bar or screen can 
be removed without disturbing the filter bed. 

From 8 to 12 minutes is required to wash each 
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uit nd a meter measurement has shown that 
ms water is supplied at the rate of 13 cu. 
; ate bout 100 gallons per minute. The filter 


ted had a capacity of 150,000 to 250,000 
T 5 per 24 hours. At an average of ten min- 
ott washing, and only 200,000 gallons per 
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Sectional Pian. 
Sectional Plan and Elevation of Levi Me- 
chanical Pressure Filter. 

unit per day, the wash water would amount to 
only 0.5% of the quantity filtered for each wash- 
ing. From 2 to 4 washings are required per 24 
hrs. This makes no allowance for water wasted 
immediately after washing, which, however, is 
very small, 

The type of filter described was designed and 


Fig. 1. 


MUNICIPAL OWNERSHIP and operation of street rail- 
ways was approved by a large majority of the voters of 
Chicago in a referendum vote on April 5. Of the several 
propositions voted on, one was the approval of the Muel- 
ler law, passed by the last Illinois legislature authorizing 
cities in Illinois to construct, own, operate and lease 
street railways. On this the vote was 152,433 in favor, 
and 30,104 against. On the question whether Chicago 


“should take over the street railway properties, the vote 


was 120,744 in favor, and 50,893 against. A still larger 
majority was given to permit the temporary licensing of 
street railways until the city is prepared to take posses- 
sion of them. 


A NEW WATER SUPPLY for Springfield, Mass., to 
be taken from the Westfield River near Huntington has 
been recommended by Messrs. Samuel M. Gray and Geo. 
W. Fuller, Consulting Engineers to the city. The total 
cost for a supply of 25,000,000 gallons daily is set at 
$3,786,490, exclusive of filtration which is estimated to 
cost about half a million dollars additional. The pres- 
ent water consumption of Springfield is about 9,435,000 
gallons daily or about 150 gallons per capita, a very high 
figure for a New England city. The reason for the high 
consumption is partly the use of water for motive power. 
It was found that ventilating fans in the public schools 
were using 825,000 gallons of water per day. It is also be- 
lieved that large leaks exist in some of the old cement 
lined iron pipe which is still in use. If measures are 
taken to stop leakage and restrict waste, it is believed that 
a supply of 15,000,000 gallons will suffice for the city for 
30 years to come, and the cost of the plant would be re- 
duced to $2,210,875. 


THE SEWERAGE SYSTEM of Boston and vicinity is be- 
ing changed from the combined to the separate system, 
and property owners are being compelled to alter their 
plumbing and drains from roof leaders so that no storm 
water shall be discharged into the sewers. In order to 
compel this change, an act was passed at the last session 
of the legislature, one section of which reads as follows: 

The owner of every estate abutting on a public way, 
in which a drain and a sewer shall have been provided 
by a city or town, and the owner of every other estate 
using such drain or sewer, shall make or change the 
plumbing of his estate so that the waters shall be kept 
separate from the sewage, and shall make connections for, 
and conduct, the water into the drain and the sewage into 
the sewer; and the owner of every estate whose sewage 
is to be taken into the metropolitan sewer shall here- 
after in plumbing his estate so arrange the plumbing as to 
keep the water separate from the sewage. 

It is expected that the complete work of separating sew- 
age from storm water in the city of Boston will require 
some eight or ten years. 


> 


AN INTERCEPTING SEWER AND SEWAGE PURI- 
fication plant have been recommended for Utica, N. Y., 
by Mr. Geo. W. Rafter. On account of the lack of sand 
and gravel deposits, septic tanks and contact beds are 
recommended for the purification. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was a butting collision on the Pennsylvania R. R. at 
Pottsville, Pa., on April 2. Due to an error on the part 
of a freight train in following orders, it collided with a 
passenger train. Two men, one of them a passenger, were 
killed outright. 


> 


RAILWAY ACCIDENTS IN CHICAGO during March 
resulted in 38 deaths; 5 of these occurred on the surface 
electric railway, 1 on the cable lines, 1 on the elevated 
railway, and 31 on the steam railways. There were S81 
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Rustling Bar. 
FIG. 2. DETAILS OF FILTERED WATER COLLECTOR, SCREENS AND RUSTLING OR 
SCRAPING BAR, FOR LEVI MECHANICAL FILTER. 


some of its features have been patented by Mr. 
M. Levi, and the filters are manufactured by the 
Levi Filter Co., of Charleston-Kanawha, W. Va. 
Wo are indebted to the company named, and also 
t Mr. J. H. Levi, Assistant Superintendent of the 
= obury shipyard, Morris Heights, New York city, 
for the information used in preparing this article. 


accidents on the surface electric lines, in which 86 persons 
were injured and five killed. 


A VERDICT AGAINST A WATER COMPANY for fire 
damage, amounting to $35,649, was rendered at Shreve- 
port, La., March 19, in the case of the Allen & Curry Mfg. 


’ Co. vs. the Shreveport Water-Works Co. The claim for 


damages was based on the fact that when the plaintiff's 
mills caught fire, the fire companies were unable to 
operate a hydrant on which the works relied for fire pro- 
tection. 


> 


THE ARCHITECTURAL DECORATION of the Manhat- 
tan Bridge over the East River, designed by Mr. Henry F. 
Hornbostel, has been rejected by Commissioner of Bridges 
Best and the work of designing new architectural deco- 
rations has been entrusted to the firm of Carrere & Hast- 
ings 


STANDARD THREADS FOR COACH AND LAG 
screws have been adopted by a considerable proportion 
of the manufacturers of these goods, according to informa- 
tion furnished us by the New Jersey Foundry & Machine 
Co., makers of an expansion shield made to fit this stand 
ard threading. The standard referred to is as follows: 
Diam. of bolt, ins. No. of Threads per in. 


% 4% 


THE LARGEST AMERICAN BATTLESHIP, the ‘‘Vir- 
ginia,’’ was successfully launched on April 5, 1904, at the 
yard of the Newport News Shipbuilding Co., 
News, Va. 


Newport 
The vessel is 435 ft. long and 76 ft. 2% tne. 
broad on the water line, with a maximum full-load draft 
of 26 ft. The trial displacement, with draft about 25 ft 
9 ins., will be close to 15,000 tons. The speed will be at 
least 19 knots. The engine equipment comprises two 
triple-expansion engines of four cylinders each, aggregat- 
ing 19,000 I. HP., driving twin screws. The boilers, 24 
in all, are of the Niclausse water-tube type; they are ar- 
ranged in six groups of four each, in separate watertight 
compartments. The normal steam pressure is 250 lbs. per 
sq. in. In addition to the main engines and their aux- 
iliaries, some 1,000 HP. of steam-driven electric generators 
are provided, in units of 80 and 160 KW. The pressure is. 
125 volts, the new Navy standard. Current from these 
generators is utilized, besides for lighting, for almort all 
auxiliary power purposes outside of the engine-room. Thé 
turret-turning gear, the ammunition hoists, ete., are all 
motor-driven Accommodations for S812 men, including 
officers and crew, are provided 

The main battery of the ‘Virginia’ consists of four 12 
in. guns (40 calibers long), mounted two each in a for- 
ward and a rear turret; eight S-in. guns, of which four 
are mounted in turrets superimposed on the 12-in. tur 
rets, while the other four are in two broadside turrets; 
and twelve 6-in. rapid-fire guns, six on each side. Be 
side the secondary battery, the vessel is also fitted ith 
submerged torpedo tubes. The main armoring comprises 
a waterline belt 8 ft. wide, 11 ins. maximum thickness, 
tapered to 4 ins. minimum; a casemate armoring of 6 ins. 
entirely enclosing the 6-in. guns; 12-in. and %-in. turret 
armor, and a protective deck varying from 3 ins. on the 
slopes to 1% ins. on the flat. A 3-ft. belt cofferdam, 
packed to a density of 8 Ibs. per cu. ft., extends along 
the sides above this deck. 

The ‘Virginia’ is the first of five similar vessels, three 
of which were authorized in 189) and two in 1900. The 
intention was to make them the best war vessels afloat, in 
efficiency, fighting power and speed, combined 


> 


A NEW PLAN FOR A LIGHTHOUSE ON DIAMOND 
SHOAL has been presented to the House Committee on 
Interstate and Foreign Commerce, at Washington, by 
Capt. Albert L. Eells, a seafaring man. He proposes to 
build at Newport News a bell-shaped metal ca'sson, 70 ft 
in diameter at the bottom and 27 ft. at the top, and ap- 
parently about 60 ft. high. He would then load this cais 
son until it drew 29 ft. and tow it to the site of the light 
on the Shoal at a point where there is 30 ft. of water. By 
opening valves provided, he proposes to sink the caisson, 
and by at once starting powerful pumps to further settle 
the structure in the sand. The caisson is then to be filled 
with conerete and a circular steel base would be built 
upon this foundation, with a diameter of 25 ft.; upon 
this would be erected a circular steel lighthouse with the 
light not less than 200 {t. above mean low tide. The bill 
as framed provides that no payment is to be made by the 
Government until the light has been built and maintained 
by the contractor for 12 months and then maintained for 
four years more by the Lighthouse Board After it has 
been approved by the Government Engineers and has stood 
five years, the Government is to pay for it $790,000, the 
$90,000 representing interest at 4%. 
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AN INDUSTRIAL EXHIBITION will be held at Cape 
Town, South Africa, during the three months, November, 
1904, to January, 1905. The site of the exhibition is 
Green Point Common, to which a “light railway’ from 
the docks will carry the shipments of exhibitors, The ex- 
hibition grounds will be a bonded store, by permission 
of the Cape Customs, so that unsold exhibits can be 
shipped back free of duty charge. Special conveniences 
will be granted to exhibitors desiring to show machines in 
operation, or to conduct actual manufacturing proce’ses. 
The American agents for the exhibition are Pitt & Scott, 
Ltd., of 30 Broadway, New York City. 
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Old readers of Engineering News will doubtless 
recall the hot controversy which was waged in the 
engineering profession some 15 years ago between 
the advocates of straight and curved dams. Some 
conservative members of the profession insisted 
that a dam ought to be built like a retaining 
wall, and that if it were built on a curve the com- 
bination of arch action and retaining wall action 
would be apt to set up unknown and dangerous 
stresses within the masonry. On the opposite side 
were ranged engineers who defended the curved 
dam and the gravity dam with curved face as 
being more economical of material and less likely 
to suffer from cracking by temperature stresses, 
Prominent among these latter engineers was the 
late A. M. Wellington, at that time one of the 
editors of this journal. 

It is of interest to recall this discussion of 
former years in connection with the remarkable 
series of dams which are illustrated in the present 
issue of Engineering News, particularly the re- 
markable structure in South Australia, which 
for boldness of design deserves to rank with the 
most famous dams of the world. 

It is probably correct to say that the arched 
dam is much more favorably regarded in the en- 
gineering profession to-day than it was a dozen 
years ago. This is due not alone to the success 
which has been attained in the.construction of 
arched dams of bold design, but to the increasing 
use of concrete instead of masonry in dam con- 
struction. In dams built of ashlar masonry, the 
engineer had much reason for preferring a gravity 
dam, in which the stresses would be simply those 
of compression acting at right angles to the beds 
of the several courses. In a monolithic concrete 
construction, however, the material can resist 
compression equally well in any direction, and a 
concrete wall acting both as an arch and as 4 
gravity dam _ is probably. better able to resist 
the combined stresses than it would be if it were 
acted upon by either one alone. By combining 
steel tensile members with the concrete to tie 
the structure together and resist temperature 
stresses tending to cause cracks, a masonry struc- 
ture is obtained, better able to resist diverse 
stresses and temperature effects, it may well be 
believed, than the best of the cut stone masonry 
of earlier days. 

It is worth noting here, however, that the 


strength of a concrete structure depends entirely 
on the quality of the concrete, and an engineer 
in charge of an important structure is justified in 
taking extraordinarly pains to secure uniformity 
and reliability in the concrete. The methods used 
at the Barossa dam to this end were quite dif- 
ferent from anything in American practice and 
are well worthy of study. m 

Finally, one of the stock objections raised by the 
opponents of concrete is the effect of temperature 
stresses in producing cracks. We would call 
particular attention to the fact that this great 
concrete dam, nearly 100 ft. in height and almost 
500 ft. in length, is located in a climate where the 
temperature ranges from 30° to 168° F. The fact 
that this thin wall of concrete withstands these 
extremes without cracking furnishes remarkable 
testimony in favor of curved dams as compared 
with straight, and in favor of steel reinforcement 
for concrete exposed to temperature stresses. 
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Remarkably prompt action has been taken by 
New York City’s financial authorities for the 
construction of the high-pressure fire protection 
mains recommended by Messrs, Hill and De 
Varona in the reports published in our issue of 
March 24. The Board of Estimate and Apportion- 
ment at its meeting on March 31 voted an appro- 
priation of $5,425,400 for this purpose, of which 
nearly $4,000,000 is allotted to Manhattan, and 
the remainder to Brooklyn. 

While the newspapers continue to talk of the 
scheme as the “salt-water plan,’ there is every 
reason to believe that when installed the system 
will actually use fresh water, and salt water will 
only enter the mains in case the fresh-water sup- 
ply proves inadequate or it becomes necessary to 
use fireboats in addition to the regular pump‘ng 
stations. Messrs. Hill and De Varona in their re- 
ports each urged that fresh water be used in the 
system, with merely an emergency suction con- 
nection from the pumping station to the rivers, 
and they might have made a much stronger argu- 
ment against the use of salt water had it seemed 
necessary. It is not merely a question of shorter 
life for mains, hydrants, etc., if salt instead of 
fresh water is used in them. Engineers expe- 
rienced in handling brine or sea water in pipe 
systems can testify to the difficulties with valves 
and gates, which stick when left long shut and 
leak when opened and closed again. Packing of 
stuffing boxes hardens and loses its life, and rust 
and scale from the interior of the pipes lodges in 
the valve seats. Salt water alone is bad enough in 
its effect on metals, but the salt water in the East 
and North Rivers is contaminated with a large 
volume of sewage and with acids from all sorts 
of chemical works and it carries frequently a large 
amount of sediment in suspension. If it were 
necessary to introduce this water into a system 
of high-pressure pipftng for fire protection pur- 
poses, it might doubtless be done; but since fresh 
water can be used equally well, to take the large 
risks attendant on the use of salt water would 
seem of very doubtful expediency. 


> 


The advocates of the use of salt water, however, 
bring forward the argument that the water could 
be used for washing the streets and thus the high- 
pressure system of piping would serve a double 
purpose. Concerning the idea that the average 
street cleaner could be safely left to monkey with 
the hydrants of a system carrying water at a 
pressure of 250 to 300 Ibs. per sq. in., it seems to 
us that Mr. Hill was entirely correct when he 
characterized this in his report as ill-advised and 
impracticable, and liable to cause the system to 
fail at a critical time. 

We may add, however, what some of the ama- 
teur engineers apparently have not thought of— 


that the system of washing the streets, which 


looks so attractive on the surface, might not prove 
so successful when tested by actual experience 
on a large scale. In a city with sewers laid on 
grades steep enough to clear themselves of sand 
and sediment, it may be all right to flush every- 
thing into the sewers. It may work successfully 
in Paris, too, where the sewers are of a size un- 
known anywhere else in the world, and are espe- 
cially planned and equipped for the removal of 


Vol. LI. No. 
deposits. In New York City, however fe 
believe, a good deal cheaper to shove). 
from the pavement into a cart than to |. a 
hoist that dirt out of a sewer catchba: as 

It is interestirg in this connection t ‘ 
the report of the Board of Engineers a; 
pass upon the plans of Messrs. Hill an). ag 
rona. This Board was made up of Mess. ~. “A 
P. Lewis, Engineer of the Board of Fst); a. 


Apportionment; Horace Loomis, Chic: 
Manhattan Sewer Department; J. C. Bra~) 
Commissioner of Public Works of Brook) ir 
Briggs, Chief Engineer of the Bronx; . 
Laughlin, Consulting Engineer of Quee 
ough; and L. L. Tribus, Commissioner 
Works for Richmond Borough. 

This Board stated in its report that » 
Street Cleaning Department strongly fa\ 
system of street cleaning by flushing wit 
the Sewer Department was equally urg:: 
if streets were to be cleaned with a hos. 
basins should be introduced into the sey 
tem to intercept the dirt and litter which 
otherwise find its way into the sewer syst: 
it was declared that such a system would )) ‘an 4 
large increase in the number of men emp! yed in 
flushing and cleaning sewers. 

The Board in its report advised that th: 
flushing part of the scheme be tried only | 
experimental way at first, and added 


We are not convinced that the use of salt water ( 
purpose will prove entirely satisfactory and sanitary 
ing to the pollution of the river water. . 
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It must be freely acknowledged that the use of 
water from the high-pressure mains for street 
cleaning purposes tends to very considerable com- 
plication throughout the system. As the use of 
water at very high pressure directly on the street 
is out of the question, two alternatives have been 
proposed, Under one plan the normal pressure in 
the mains would be only 50 Ibs. or so, and at an 
alarm of fire the engineer at the pumping sia- 
tion would immediately run up the pressure to 
300 Ibs. Under the other plan a special street 
cleaning hydrant with a reducing valve attach- 
ment is proposed, by which water would be drawn 
from the high-pressure mains and delivered to the 
hose at a moderate pressuré. 

It appears to us that either of these plans in- 
volves elements that might interfere with the 
efficiency of the primary object of the whole sys- 
tem—protection against fire. Without taking spac 
to discuss the matter in detail, it will be evident 
to engineers that to suddenly raise the pressure 
on a large system of mains from 50 Ibs, to 300 Ibs, 
at the outbreak of a fire, might cause a break and 
cripple the system at just the time it was most 
needed. As for the reducing valve hydrants, it 
may be suggested that the expenses of keeping 
in repair these hypothetical pieces of apparatus 
might very properly be charged to the Street 
Cleaning Department, and might largely offset the 
expect economy to be made, through the use of 
water for street cleaning. 
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An excellent test of the capacity of the Chieago 


_Drainage Canal to do the work for which it was 


designed, viz., protect the T.ake water from pollu- 
tion by outflow from the Chicago River, has | een 
furnished by this spring’s freshets. The bulletin 
issued by Commissioner Reynolds of the Chicago 
Health Department for the week ending March 
26 says: 


The value, as a health protection, of the Drainage 
Channel—incomplete though it is—was strikingly vani- 
fested during the weck. The waters of the streams abot 
Chicago, formerly tributary to the river and thence to 
the Lake, were higher even than-in the record year |*'/- 
—in which year there were 1,489 deaths from typi 
fever, and Chicago's typhoid rate was the highest of °") 
city in the world. : 

In that year the vilely polluted contents of the main 
river and its branches were poured incontinently into the 
Lake without control. Except for a few hours during ‘ie 
234 and 24th there has been no flow from the river ©'0 
the Lake during this unprecedented freshet. A volume of 
from 600,000 to 700,000 cu. ft. per minute has been poured 
steadily through the Drainage Channel away from the 
Lake down the Des Plaines Valley. If 1904 escapes the 
typhoid tragedy of 1892 it will be due solely to t'¢ 
agency of the incomplete Main Drainage Channel. 


In fixing the capacity of the Drainage channé! 
the engineers had, to provide a sufficient flow ~ 
dilute the sewage of the city with lake wat™ 
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oq prevent a nuisance to the residents of the 
“valley. ‘They also had to provide capacity 
ee ‘nt to carry off the flood discharge from 
i nicago River watershed and prevent the 
| of its current toward the lake. From 
owe statement it would appear that tke 
sood has given the channel a more con- 
saa in this particular than it has experi- 
ace its completion. 


Is THE AM. SOC. C. E. STANDARD RAIL SECTION THE 
gest FOR THE OUTSIDE RAIL OF SHARP CURVES? 


Many of our older readers will remember the 
i of the rail sections’ which took place 
4) years ago, when there were as many 
‘ arly, concerning the proper design of rail 
»s as there were railway chief engineers. 
Order was brought out of this chaos by the work of 


my mind that on sharp curves and severe grades rail 
heads never retained their original shape for more than a 
few weeks, or months; they invariably and rapidly wore 
down; after which the rate of abrasion slackened off, 
and the abraded cheeks lost their brightness and fre- 
quently tended to become rusted. In this state the rails 
were left for years in the line and did their work well. 

* On seeing the Darjeeling new type, I at once came to the 
conclusion that it was of the best possible shape, pre- 
senting as it did to the wheels a surface which my previ- 
ous experience taught was such as was automatically as- 
sumed by rails under conditions of severe wear. I realized 
that by adopting this section at first, undue abrasion both 
of rails and of wheels would be minimized; and I decided 
then and there to adopt the same new type for the Kalka- 
Simla Railway. 


It will not escape notice that these Indian engi- 
neers approve this section specifically and only 
for use on sharp curves. This point is of particu- 
lar interest because when the question of standard 


Fig. 4. 


Originally Used on Dar- 
jeeling-Himalayan Ry., 


adam road, including engineering expenses, the 
work is now being done for $3,250, exclusive of 
bridges and exclusive of salaries and office ex- 
penses of the Commission and its principal as- 
sistants. These salaries and office expenses 
amount to about $500 a mile, and it is probable 
that bridges and culverts add another $600, mak- 
ing the present cost about $7,350 a mile for a 
15-ft. road. 

This striking reduction in cost has occurred in 
the face of advancing cost of labor and materials. 
The last annual report is unfortunately not suf- 
ficiently complete to show exactly where and how 
the reduction in cost has been effected; but we 
may, With safety, say that it is largely due to the 
recent adoption of a policy by the Commission 
which in their own words is as follows: 


In the opinion of the Commission, it is more economical 
to take the chances on certain doubtful soils, remedying 


Section of Rails 


eR Fig. 2. Lehigh Valley R. R. Fig. 3. George’s Creek & India. Fig. 5. New Section of Rail 
Fig. 1. Am. Soc. C. E. Standard Rail Section, Cumberland R. R. Stan- (Shaded Portion is Part Worn for Darjeeling-Himalayan 
Standard Rail Section. 1883. dard Rail Section, 1883. Away on Sharp Curves.) Ry. 


the American Society of Civil Engineers’ Commit- 
tee on standard rail sections, and the ‘“‘Am. Soc. C. 
E. section” was universally accepted by American 
engineers as a long step in advance. 

The most notable feature of the Am. Soc. C. E. 
rail is the vertical sides of the head and its 
sharp top corners. A few years previous to the 
adoption of this standard, a type of rail section 
originated on the Lehigh Valley Ry. and came 
into extensive use, in which the sides of the head 
were sloped outward. For a time this form of 
rail head was etrongly advocated. It was argued 
that it wore better and was less destructive on 
wheel flanges than any rail which had preceded 
it. The Am. Soc. C. E. section with vertical 
sides and sharp top corner was condemned when 
first brought forward on the ground that it 
would cause sharp wheel flanges. The evidence in 
its favor, however, was so conclusive that the ad- 
vocates of the Lehigh Valley section yielded and 
practically confessed that they had been mis- 
taken. 

This ancient history is brought freshly to mind 
by a report just received from India from which 
we learn that a rail section very similar to the old 
Lehigh Valley section, with its flaring sides, has 
been adopted on the Darjeeling-Himalayan Ry. 
and also on the Kalka-Simla Ry., and is heralded 
as a distinct advance over preceding practice. 

The first-named railway is a 2-ft. gage line hav- 
ing a large proportion of its length made up of 
curves of 70-ft, radius with some curves as sharp 
as 60°. The rails originally laid on this road had 
a broad head with sides sloping inward, and the 
Chief Engineer describes his experience with them 
as follows: 

The wear was found to be very rapid within the first six 
months, and was confined entirely to the inner shoulder 
of the rail-head of outside rail on curves. The subse- 
quent wear was slower and more uniform, occurring along 
the whole of the inner face of the rail on curves, so that 
the comparative wear of rails between five and fifteen 
years’ life in the road is not very marked. 

When renewals of rails had first to be considered after 
fifteen years’ wear on a few of the very sharp curves, 
the company, after some deliberation decided to adopt a 
— section based on the sectional profile of their worn 

‘The wear of the new rail after thirteen months’ ser- 
vice on @ curve of 70 ft. radius is such that the adoption 
of the design is considered to have been fully justified. 


All renewals on the hill section now required are to be 
with the new section rail, 


Confirming this observation the Chief Engineer 
of the Kalka-Simla Ry.-said: 
My own observations whilesin charge of 5 ft. 6. in. gage 


‘'weye in the Punjab had-elready brought it home to 


rail sections was under discussion in the 80's, 
those who favored the Lehigh Valley section with 
its flaring sides were the engineers in charge of 
roads with a large amount of curvature, such as 
the Lehigh Valley itself, while the road after 
whose standard section the Am. Soc. C. E. section 
was patterned was the Michigan Central, a road 
in a level country with few and easy curves. 

Further than this, we believe that the question 
as to the best rail section for curves was left open 
when the Am, Soc. C. E. standard was adopted. 
The committee said (Trans. Am. Soc. C. E., Vol. 
XIX; p. 36): 

It is a well known fact that it is only the outside rails 
of curves which wear to a larger radius [than the original 
top corner] to fit the fillet of the wheel-flange. What- 
ever the original form, all inside rails on curves and all 
rails on tangents wear in time to a very sharp corner. As 
an average of the whole United States, curves constitute 
about 25% of the whole mileage, and hence outside rails 
about one-eighth, 

In other words, the Am. Soc. C. E. section was 
specifically designed for wear on tangents and 
the question whether some other section might 
wear better for the outside rail on curves has 
never, so far as we know, been definitely settled. 

While it is true that the outside rail on curves 
is a small percentage of the total railway mile- 
age, it is also true that on roads of the heaviest 
traffic the wear on these rails is so heavy that 
they account for a large percentage of rail re- 
placements. Thus, if it were true that some 
other rail section than the standard would wear 
better on the outside of curves, it would be worth 
while to use such rails on some of the sharp 
curves of roads hauling heavy traffic. As our 
readers will remember, a special rail section for 
curves designed by Mr. W. T. Manning,* when 
Chief Engineer of the Baltimore & Ohio, was laid 
on the Baltimore & Ohio and Pittsburg & Western 
railways a few years ago, and the Pennsylvania 
Railroad has gone to the expense of purchasing 
nickel-steel rails for sharp curves on its main line. 

It is within the bounds of possibility, therefore, 
that the rail section adopted by these engineers 
in India for crooked mountain railways may have 
a practical interest for American engineers, 


LOWERING THE COST OF MACADAMIZED ROAD CON= 
STRUCTION IN MASSACHUSETTS. 


Upon studying the annual reports of the Mas- 
sachusetts Highway Commission, covering a 
period of ten years, an engineer is impressed with 
the fact that while the early road work was done 
at a cost of about $10,000 a mile for a 15-ft. mac- 


*See Eng. News, Feb. 9, 1890, p. 94. 


the defects which ma 
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This is sound engineering, and it is the kind of 
engineering that should oftener characterize the 
management of public works of this churacter. 

In the early days of road building in Massa- 
chusetts, however, the Commission acted wisely 
in “not taking any chances.” They designed and 
built roads in a substantial, and in a correspond- 
ingly expensive, manner. In that experimentai 
stage of the work, had inferior rock or thin metal- 
ing led to a rapid failure of even one or two 
prominent roads, there would have been an out- 
burst of public criticism that might have given 
road building by State aid a serious setback. With 
the growth of favorable public opinion and with 
the increase in appropriations the Commission has 
found itself able finally to adopt a policy that as 
engineers for a private corporation they would 
probably have adopted at the inception of the 
work. It has been urged that they were too slow 
in adopting this policy of building cheaper roads 
and afterward remedying defects as they ap- 
peared. In a State of less wealth than Massachu. 
setts this criticism would have greater force. The 
engineer in charge of public works has to balance, 
as his judgment tells him is best, the risk in- 
curred by building cheaply against the risk in- 
curred by spending public money in a seemingly 
lavish manner. He cannot argue with the public 
as he would with the directors of a company. He 
knows that even a partial failure of his work is 
likely to be seized upon as an evidence of incom- 
petency, although it may in reality be the evidence 
of the highest degree of competency. <A low 
factor of safety in road building endangers 
neither life nor property, yet it is impossible to 
convince the public that the untried engineer, 
who, in a few instances, provides too low a factor 
of safety, may nevertheless be a capable man, 
acting in the best interests of the public. The 
tendency of engineers in public office is, therefore, 
always to build in a manner that might be cailed 
extravagant in order to be sure of the strength, 
durability and fine appearance of their work. We 
recall no instance of loss of position or prestige 
due to building public works in this manner. 


In view of these facts an engineer in public of- 
fice should guard against a long continuation of 
what may be termed extravagant construction; 
and having once established his reputation in the 
public eye, he should seek gradually to reduce the 
cost of construction by the use of materials less 
expensive, and by the use of lower factors of 
safety—wherever life or property are not im- 
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periled by such changes in design. Roads and 
pavements are pre-eminently fitted for safe ex- 
perimenting of this kind. 

In New York State, the State Engineer is 
working toward an eventual reduction in the cost 
of roadway in many ways. Roads built entirely 
of shale, so soft that it needs no crushing, but is 
crushed under the steam roller, have proved a 
decided success where the traffic is light. Telford 
construction has been rarely used in New York 
from the very beginning of State roadwork, and in 
Massachusetts it has been abandoned because a 
gravel foundation is equally effective and cheaper. 

To put into a nutshell the present tendency in 
both these States, we may say that the policy is, 
first to pave the road with local materials, such as 
gravel, shale and crushed field stone; if the thick- 
ness is not great enough to hold up the loads, 
then it is subsequently increased; if the material 
is not tough enough to stand the wear that comes 
upon it, then a wearing coat of imported material 
is placed upon the road. 

In closing, we may, with possible advantage, in- 
dicate one other line along which it is possible to 
work in securing a greater mileage of roads at 
moderate cost. We refer to the narrowing of the 
paved width. 

From 12 to 16 ft. is now the common width of 
macadam roads. Why are the roads which carry 
comparatively light traffic not built 6 to 8 ft. wide 
with turnouts say every 500 to 800 ft. apart? The 
plank roads of the State of Washington are built 
8 ft. wide with turnouts 16 ft. wide at short in- 
tervals, 

It is noticeable, also, that where towns own 
their own rock crushers very commonly the mac- 
adam is laid on the old earth road and is given a 
width but slightly greater than the gage of the 
wheel ruts in the earth. We are now building 
roads that are double-track trunk lines radiating 
from the larger centers of population in New 
York, Massachusetts and New Jersey; but the 
time is rapidly approaching, if indeed it is not 
already here, when single-track macadam roads 
will be built as feeders to these double-track 
roads. 


LETTERS TO THE EDITOR. 
A Method of Drawing Side-Slope Lines. 


Sir: A contrivance which I have found very useful and 
have never seen elsewhere may be of interest to your 
readers. 

In putting slope lines on cross sections of embankment 
or cutting, a transparent celluloid triangle 30°-60° has two 
lines put on near the edges, thus. I put them on with a 


D 
needle and straight-edge. Line EC is inclined to side 
of triangle AD, as 1% to 1, which is the usual slope in 
this section of the country. BD is inclined to AC in 
the same ratio. 

In using this triangle the pencil is placed at top of em- 
bankment slope, the triangle turned till the line EC is 
coincident with one of the horizontal ruled lines on the 
paper and the side slope line drawn along the edge E D. 
This avoids counting lines or using parallel motion on the 
ruled paper which is, at best, trying on the eyes. 

Yours truly, H. K. Higgins, 
Asst. Engr., N. Y., N. H. & H. R. R. 
472 South Station, Boston, Mass., March 24, 1904. 


jafluence of Composition of Concrete on Horizontal Shear 
in Concrete-Steel Beams. 

Sir: Relative to the recent discussion in your columns 
concerning the liability of reinforced concrete beams to 
fail by reason of the effects of horizontal shear, I beg 
to say that it sesms to me that the crucial point has 
been omitted from the discussion. The fact is that the 


liability to failure through horizonal shear, and the 
necessity for the presence of a mechanical bond other than 


natural adhesion between the steel and the concrete, ‘s, 
in the writer’s opinion, wholly a matter of richness or 
leanness of the concrete. He has not been able to bring 


about failure by horizontal shear even when the ratio of 
length of span to depth of beam is as low as 5, in beams 
composed of 1:2:4 concrete. A failure accompanied by a 
pulling out of the bar, such as Mr. Schaub has described, 
has occurred in concrete as lean as 1:3:6. It is to be 
noted that Professor Lanza’s tests on 8-in. x 12-in. 
beams in which failure occurred mostly by horizontal 
shear were based on 1:3:6 concrete. 
Very truly yours, 
Lafayette, Ind., March 12, 1904. 


W. K. Hatt. 


Concerning the Degree of C. E. 

Sir: In the Engineering News of March 3, you give an 
answer to a question regarding the use of the letters C. 
E. after one’s name that I hope will give rise to further 
discussion. I have always understood that the letters 
C. E. after one’s name could legitimately mean only one 
thing; namely, that the person thus writing his name had 
received the degree of C. E. from some engineering school. 
The editor evidently does not take this view; and he cer- 
tainly would not say with reference to a man upon whom 
the academic degree of M. A. had never been conferred, 
“If such a man derives any satisfaction from writing 
M. A. after his name, we see no impropriety in his doing 

It seems to me that the professional degrees more than 
any other should be protected. No one will dispute the 
fact that many C. E. degrees (just as many M. D. and 
M. A. degrees) are given unworthily. And it is equally 
true that many a practicing engineer, not having the C. 
E. degree, knows more engineering and is far better 
equipped for usefulness than his brother who has per- 
chance a C. E. degree from one of the best engineering 
schoola in the country. When the editor of such a jour- 
nal as the Engineering News advocates a loose use of the 
letters ‘“‘C. E."’ after an engineer’s name, he strikes a 
blow at the C. E. degree. If, as the editor implies, there 
has always been confusion as to what C. E. after a name 
means, then it seems to me that all engincers, and espe- 
cially editors and teachers, should use their influence in 
bringing about a proper recognition of the degree of C. 
E. As I have not a C. E. degree, I write in a purely 
impersonal way. Saml. M. Barton. 

University of the South, Sewanee, Tenn., 

March 25, 1904. 


The Shrinkage of Earth Embankments. 

Sir: The article in regard to the shrinkage of earth em- 
bankments, and the comments thereon, which have ap- 
peared in Engineering News of late, have been of interest 
to the writer, showing as they do the extent to which the 
writing of specifications is governed by precedent. 

To state in a specification that the earth in an embank- 
ment will measure either more or less than the excava- 
tion from which it is to be made, and the amount of the 
difference in measurement seems to the writer unwise, 
likely to cause injustice, and cost sofme one money need- 
lessly. 

As a matter of fact (from the writer’s experience) it may 
measure either more or less than the excavation. In fact 
at a certain period of time it will do each, and the ques- 
tion which condition will be apparent at the time of meas- 
urement is determined not so much by the manner of 
placing, as by the weather conditions during the time, 
and the relative length of time consumed in placing the 
material in the embankment. 

The writer has known earth fills, made by wheel scrap- 
ers in the manner usual on railroad work, in layers of 
about five feet depth, to measure considerably more than 
the excavation, simply because they were made quickly 
and in a dry season. 

Deep fills of earth made by dumping from carts at 
grade where the amount of compacting due to the wheels 
and animals was small, the writer has also known to 
measure less than the excavation, but only when the 
progress was slow and the weather wet. 

That earth fills do eventually settle is shown by the long 
sags in the track on some railway embankments, but it is 
not generally apparent at the time necessary to lay the 
track, or when the final cross sections are taken. The 
writer remembers a ‘“‘general order’? which required all 
earth fills to be increased 10% in height, and also remem- 
bers putting the wheelers on and taking off nearly the en- 
tire amount of increase before the track could be laid to 
grade. 

In general, the shrinkage of earth is a very uncertain 
quantity and it would seem better to measure all earth- 
work in excavation even if the “‘potholes’’ and stumps 
are difficult to measure, for if any guessing is necessary 
one can at least see what he is guessing at. 

E, G. Haines, Assoc. M. Am. Soc, C. E., 
Resident Engineer, Division No. 1, 
Atlantic Ave. Improvement. 
5 Hanson Place, Brooklyn, N. Y., March 22, 1904. 


Criticism of Overhaul and Clearing Clauses in Specifica- 
tions. 

Sir: With reference to the discussion between Mr. Fonda 
and Mr. Beard in regard to the overhaul clauses quoted 
by Mr. Fonda in the Engineering Literature Supplement 
of your issue of March 17, page 26: 


The writer advances the opinion that i: 
tor on this work had contested the ry) t 
neers in regard to the manner in wh; Patel 
paid for, that the courts would have }.. rk was 
clauses in the specification are in confi on 
and that therefore the question should ». piss 
ing to the equities in the case and the ag 
In which case the contractor would alm oe 
won his suit. ¥ have 

{t would be a hard matter to convin — 
that under the first and most importan: oe 
the manner of making payment for overha 
“The price per cubic yard shall include 
hauled a distance of not exceeding five hu: 
that a contractor could with any justice 

“haul any material whatever as much as 
without extra pay therefor. 

Further, the full meaning of the secon 
scure. The writer read it in the book » 
preciating its full meaning until the «: 
brought out by Mr. Fonda. That Mr. Fond 
its meaning might be obscure to other « 
might not see into it quite so clearly as he, risus 
cause he thought it necessary to illustra: j 
with a concrete example. Thus, is it not ex 
able that in this case some contractors wer: thor 
such intention on the part of the engineer isled? 
contractor might even be tempted to use a 
than misled. 

In this particular case all possibility of : 
bidder could have been avoided by inserting 
tence in the last clause as follows: “The « 
will be that the free haul on earthwork w 
be considerably greater than 500 ft.” On: 
doubt, however, that the effect of such a «lau 
have been to raise the bid on the excavation pric: 

The writer believes that much of the o! 
which engineering specifications are oftentin round- 
ed has descended from the legal profession to whom it 
was formerly the custom to entrust, for the most part 
wording of all contracts and specifications. The circum. 
locution and subterfuges which oftentimes have a place 
in legal writings are wholly out of place in engine 
specifications. For these should be couched in this coyn- 
try in such simple and plain English that “he who runs 
may read, and, reading, may understand.’’ 

Assuming that an engineer has good cause for letting a 
contract in some particular manner which is not the 
wholly uniform custom, or assuming that it be found im- 
possible to so word a specification as to prevent all possi- 
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ble misunderstandings, why is it not good engineering 
practice to illustrate the intent of the specification by a 
concrete example, notwithstanding the fact that our legal 
advisers, will usually rule out the concrete example on the 


grounds of a lack of dignity, or, of making the provisions 
too specific. 

For instance, in the practice of the writer he has been 

very much troubled by the specifications under which he 
has had to work which governed the manner of payment 
for clearing of right of way. The early specifications un- 
der which the writer worked said: ‘‘No payment shall be 
made for clearing except where clearing occurs.’’ In an- 
other case the clearing was to be paid for by measuring 
the ‘‘area covered by the overhang of the branches.’ The 
writer could cite some still more ridiculous cases which 
he has seen, but it will suffice to say that under the sec- 
ond way of wording the specifications the writer found 
that he had to allow the contractor the same amount for 
clearing away a sumac thicket which cost about $2.50 an 
acre as for a dense woodland which cost $35 an acre. 
+ To cover the difficulty the writer devised the following 
wording for the clearing specification which +he has never 
seen used in any but his own contracts. The writer does 
not offer it as removing all difficulty in a vexing minor 
subject in railroad construction in a country where the 
timber covering is variable. But so far as the writer 
knew the wording of the specification was unusual, 50 
particular pains were taken to make the intent of the 
specification unmistakable. 

CLEARING.—The price bid for clearing on this line will 
be understood to apply only to the densest, heaviest and 


most expensive clearing on the line. All clearing re 
quiring less work and expense shall be rated by the eng'- 


neer. 

Thus, if in the judgment of the engineer the work and 
expense necessary to clear a certain acre of right of way 
is only one-fourth as much as that necessary to clear one 
acre of the densest and heaviest timber, then that certain 
acre shall be entered on the contractor's clearing account 
as %4 of an acre. 

In what way the writer would ask is the dignity oF 
usefulness of the specification impaired by the last 
clause? W. D. Taylor. 

Madison, Wis., March 18, 1904. 


Why the Corps of Engineers of the U. S. Army Should 
Retain Control of River and Harbor Improvemcats. 


Sir: As an officer of the Corps of Engineer’, | would 
like to say a word or two in reply to the let'-" signed 
“Commerce,”’ in your issue of March 24, 1%) 

The main partof the “Civil Works’’ of the of 
Engineers consist of river and harbor improve: 
the writer it has always seemed peculiarly fitting that the 
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_ot and the military defense of our navigable 

g 3 uld be in the same hands. The two subjects 

onal be considered together; a location for au 

-hannel, considered purely from the civil en- 

-odpoint, might readily make an effective de- 
harbor impracticable in the event of war. 

* also maintains that the employment of En- 

ers on so-called civil works is not diverting 

cheir true profession. A good military engi- 

i civil engineer with a military training. In 

‘ war, military engineers are invariably callel 

-t notice, to inaugurate and carry on all sorts 


‘ a work in districts subject to military occu- 
se ey are much more efficient, if, in addition to 
heir ry training, they have had previous experi- 
a called civil works. Civil engineers without the 


ining, are notably handicapped under such cir- 


oe even when their experience and ability are 
question. 

It nurely possible to give a military engineer a 
broad & ence on public works, without in the least 
inte - with his proper development from a military 
point of view; indeed, it is the writer's opinion that such 
ex] will improve the military engineer as an of- 
6 os --pecially in a country where, in the event of war, 
she forces under his command will be largely volunteers. 
Tt » evil experience gives just the broadening effect 


needed after the rigid training at West Point, to secure 
the very maximum of efficiency. The cadets at West Point 
yho graduate high enough to go into the Engineers or the 
Ordnance Corps, have the fundamental principles of en- 
gineering drilled into them with a thoroughness not 


surpassed anywhere, and equalled probably by no insti- 
tution in th's country, unless it is the Naval Academy at 
Annapolis. These men are able upon graduation, to read, 
without difficulty, any manual on engineering or applied 
science, from the most abstruse treatise, to the simplest 
monograph. They need only experience to develop into 
efficient engineers in any branch of work. Without ex- 


perience, no technical graduate will ever be an engineer 
of any kind, no matter how thorough his training. 

After graduation, the young engineer officers receive a 
course of instruction at the engineer school of application 
which develops their knowledge of engineering principles 
along the lines of the work of the corps, both military and 
civil. After that, they serve as assistants on actual work, 
under older officers, and the effort is made to develop 
them by placing responsibility upon them in proportion 
to their experience, increasing the burden with an in- 
crease of efficiency, until finally the officer is placed in 
charge of a district. The present shortage of officers has 
made it impossible for some time to get the best results 
from this latter part of the young officer’s training; we 
have enough lieutenants, but not enough of the more ex- 
perienced officers, so- that it has been-necessary to in- 
vest lieutenants with responsibilities that ought to be 
carried by captains and majors. The maximum strength 
ever proposed for the Corps of Engineers would not fur- 
nish more than one-fourth of the engineer officers who 
would be required in the event of war. As long as the 
strength of the corps is kept so far below war require- 
ments, as long as the corps conducts its present so-called 
civil works with integrity and efficiency, it seems to the 
writer that it would be very poor policy to curtail its au- 
ties in any way. An increase beyond a reasonable war 
strength, or an increase for the purpose of acquiring con- 
trol of other civil works than those which we now con- 
trol is not advocated by the Engineer Corps, nor by any 
individual officer thereof, so far as the writer is aware. 
Such a plan might well be opposed on many grounds. But 
the increase that has been asked for involves no such 
plan; it will not cost the United States a cent, for civil 
engineers to perform the duties of the additional officers 
asked for will cost at least as much as the officers. The 
Corps of Engineers takes a natural pride in its record in 
connection with its so-called civil works; it feels that 
these works are of the first importance to the develop- 
"ment of its own maximum efficiency, in both military and 
civil work. As long as it conducts the civil works eco- 
nomically, it is cbeaper for the United States to leave 
‘t in control; transferring these works to civil control 
would not enable the United States to dispense entirely 
with the military corps, nor to keep it fully employed in 
ume of peace. Yet it would involve a much greater ex- 
pense for the civil organization—se that tle net result 
woula be a less efficient mifiitary corps, with a greater 
total expenditure, 

While the Corps of Engineers is not seeking to annex 
new ‘erritory, it is surely justified, in view of its past 
aad present record, in insisting upon an organizatiou ad- 
equate to its present responsibilities, and in resisting the 
‘ausfer of ary of those responsibilities from: itseif or 

the War Department. 
Very. respectfully, .. John Stephen Sewcii, 
Captain, Corps of Engineers. 
Engineers’ Office, Washington, D, C., 
March 26, 1904. 


Notes and Queries. 
° report of Capt. John Stephen Sewell to the Chief 
nena, U. 8. A., which was published in our issue 
5 34, 1904. an error was: made:in referring: to the 


from 


thickness of self-supporting brick walls. This thickness 
was given as 8 ins.; it should be 15 ins. 


In the letter entitled ‘‘Approving Short Tripods,’’ printed 
on p. 307 of our last issue an error occurred through a 
compositor chargirg the sign for seconds of arc to read 
inches. It should have read that in only a very few of 


_the triangles observed was the error in closure greater 


than 3”. 


In a New York laboratory there was recently tested a 
piece of trap rock 2 ins. in height and with its top and 
bottom surfaces 2 Ins. square. To the no small surprise 
of those making the test, the sample withstood a load of 
170,300 Ibs. before fracture occurred, or showed an aver- 
age ultimate strength per square inch of 42,500 lbs. This 
is, we hardly need say, much in excess of the test rec- 
ords of the best granite or in fact of any stone. The 
only reason that could be found for this very high record 
was that the sides of the test cubes were left quarry-faced 
and not polished to a smooth surface in the usual man- 
ner. The question arose, therefore, to what extent this 
should influence the strength of a specimen. We should 
be pleased to hear from any of our readers who are able 
to furnish data on this point. 


M. A. G., Birmingham, Ala., asks what is the object 
of constructing the air-chamber of a pump with a small 
neck, as represented by the 
full lines in the ‘accom- 
panying sketch. He wishes 
to know whether the pump 
would not act equally well 
if the air-chamber were 
made as shown by the 
dotted lines. 

Probably the chief reason 
for building air-chambers 
with a small neck is a 
purely mechanical one, to 
give a convenient connec- 
tion with the valve-cham- 
ber. No reason is apparent 
why the .wide-mouthed 
chamber, as shown by the dotted lines, would not wofk 
as well. 


THE WATER USED TO EXTINGUISH the Baltimore 
conflagration is estimated at 50,000,000 gallons by Mr. 
Alfred M. Quick, M. Am. Soc. C. E., Chief Engineer of the 
Baltimore Water Department. Besides the water actually 
thrown on the flames, it is estimated that about 150,000,- 
0v0 gallons ran to waste through broken plumbing an 
service pipes in.the burned district. , 


A DEVICE FOR EASY READING OF TABLES. 


Everyone has noticed the difficulty and liability 
to error in picking out a desired figure from a 
table of any sort. In reading a table, a_ se- 
lected column and a selected row must be 
followed to their intersection; not always an 
easy. task, especially when the horizontal 
rows are long. Many persons habitually use 
the edge of a sheet of paper as a guide when 
using tables. A neat mechanical way of doing 
this appears in an advertising card that reached 
this office recently. The card bears a table giv- 
ing capacities of pumps, in gallone per stroke, 
for various diameters and lengths of stroke. Di- 
ameters are listed vertically along the left-hand 
edge, so that each row corresponds to one diam- 
eter. The card is held in a flat case or pocket 
made of celluloid. A slot cut in the side of this 
pocket furnishes the horizontal guide, the card 


Tablé of Capacity of Pumps. : 


1% GALLONS PER STROKE. 
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A Device Yor Eééy Reading of Tables. 


being pulled out to bring any desired row under 
the slot. Besides giving a positive guide across 
the row, the arrangement also supplies a vertical 
guide, since the column headings are printed on 
the outside of the case, just above the slot, and 
thus the figure to be read out from the table is 
always brought close under its column heading. 


The accompanying cut, which we have made 
from the card sent us, shows the device well 
enough. The card is printed on both sides, and 
there is a corresponding slot on each side of the 
case. One side is for lengths of stroke 8 to 8 ins., 
the other for 12 to 24-in. stroke. The card is 
issued by the Weinman Machine Works, of Co- 
lumbus, O., makers of steam pumping machinery 
The arrangement is such a convenient scheme 
for any table to which frequent reference is made 
that we have thought it worth while to call spe- 
cial attention to it. It will be evident that any 
draftsman could make in a few minutes from 
eardboard or stiff paper a similar pocket to hold 
any table to which he frequently refers. 


SOME TESTS ON BRIDGE TIMBER FIFTY-ONE YEARS 
OLD.* 
By Edwin Dwight Graves.? 

During the year 1902 the writer served as member of a 
Committee of the Court, for the purpose of determining 
the value of an old wooden toll bridge. This commission 
consisted of one lawyer and two engineers. 

Among the interesting points brought out by the tes- 
timony was the question of the value of sound timber 
which had been actually in use in the structure 1 years 
Of course decayed timber was condemned at once, but an 
attempt was made by one of the parties interested to show 
by testimony that the sound timber was valueless on ac- 
count of its age. The timber was old growth white pine, 
of excellent quality. It had been under cover and well 
protected during these years, and of course was absolute- 
ly well seasoned. The testimony of a great number of so- 
called ‘practical’? men was directly contradictory, de- 
pending upon which side called them as “experts.” The 
wood was characterized as ‘“‘punkey,"’ ‘‘wooley,”’ ‘‘dosey,"’ 
“lost its life,”’ ‘brittle,’ ‘“‘dead,’’ etc., according to the 
views of the different men; and also ‘‘as good as ever,’* 
etc., by the opposing side; all pure matter of opinion or 
prejudice. 

In order to clear up this radical difference, we deter- 
mined to make actual tests of this material on samples 
taken from the top chord, which chord was made up of 
two pieces 8 x 12 and one piece 10 x 12. Samples from 
several timbers were selected and sawed up and planed to 
1 in. square and 2 ft. long. A number of samples were 
tested at the laboratory of the Massachucetts Institute of 
Technology, and others at the laboratory of Henry 
Souther, of Hartford, Conn., on a 100,000-Ib. Seller’s ma- 
chine. 

TENSION TEST.—The test pieces for tension were 
turned down to a section %-in diam., for a length of 2 or 
3 ins. at the middle of the test piece. 

7 samples at Hartford averaged & 261 Ibs. per sq. in. 
6 samples at Boston averaged 8,399 Ibs. per sq. in. 
Average, 8,330 Ibs. per sq. in. 

TRANSVERSE TEST.—Tests on bars about 1 in. square, 
resting upon rotating supports 12 ins. apart, with a load 
gradually applied at the middle, give the following aver- 
age calculated stress on the outer fiber at the breaking 
point, from the following formula: 


3wil 
ht 
7 tests at Hartford, 9.200 Ibs. per sq. fn. 
6 tests at Boston, 9,820 Ibs. per sq. in. 
Average, 9,510 Ibs. per sq. in. 

The fracture in every case was tough and stringy and 
showed no signs of brittleness. 

‘COMPRESSION.—Tests for compression endwise the 
grain were made at both laboratories on samples 1 in. 
square and 2 ins. long. 

4 tests at Boston averaged 5,597 Ibs. per sq. in. 

2 tests at Hartford averaged 6,050 Ibs. per sq. in. 
Average, 5,824 Ibs. per oq. in. 

Weight, 27.96 Ibs. per cu. ft. 

The American Association of Railway Superintendents 
of Bridges and Buildings, in Report of Convention of 1895, 
recommend for the ultimate breaking stresses per square 
inch for white pine: 


Tension with the grain........ 
Compression with the grain........... 500 
Transverse, extreme fiber stress,........... 4,000 


In the opinion of the writer, this old timber, when in 
good condition, is to-day worth as much or more than 
most of the new timber which could be found to replace it. 


HIGH TENSION OVERHEAD WIRES IN CALIFORNIA 
CITIES. 

The objections to overhead wires in city streets 
on account of their obstruction to the work of 
firemen, their danger to life and property, and 
their ugly appearance, have led in the larger cities 
to the placing of electric wirés in underground 


*Abstract of a paper read before the Connecticut So- 
ciety of Civil Engineers. 
Hartford, Conn. 
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conduits; but in most cities of moderate size very 
little has been done in this direction. In some 
of the cities of the Pacific Slope the evils of over- 
head wires are aggravated by the presence of 
wires carrying high voltage currents for long dis- 
tance transmission. 


We show herewith a photograph of a street in 
Sacramento, Cal., taken from a third-story win- 
dow of the Sacramento “Bee” office, and we are 
indebted to that journal for the copy of the pho- 
tograph here reproduced. Concerning the char- 
acter of this network of wires, the “Bee” said in a 
recent issue: 


This picture does not exaggerate conditions with respect 
to the high tension wires as they exist on the streets of 
Sacramento to-day. At almost any point downtown the 
wires are as numerous; at some points they are even more 
numerous than in the photograph herewith reproduced. 

Many of the wires shown in the accompanying picture 
are of high voltage. From some of them the insulation 
has worn so that it is corrugated, or ragged, exposing here 
and there the bare wire. This condition of the insulation 
is not peculiar to this section of wire alone; but may 
be found almost at any point through the city where the 
wires run. At some points this insulation hangs in shreds 
from the wires. This condition renders the wires extreme- 
ly dangerous. 

The Grand Jury of 1902 demanded that all these power 


wires, which are liable to drop at any time, causing death 
and destruction and presented a letter from Alfred Still- 
man, Secretary of the Executive Committee of the Board 
of Fire Underwriters of the Pacific, San Francisco, urg- 
ing that some action be taken to cure the defects in the 
wiring system in Sacramento. 

Nearly 100 wires can be counted running past The Bee 
building in different directions. The high voltage appears 
in the heavier black lines across the face of the picture. 
As these wires are only a sidewalk’s width away from 
the building, it can readily be seen that they would, 
in case of fire, stand in the way of the operations of the 
fire department, if, in fact, they did not imperil the lives 
of the firemen. 


TWO SUGGESTIONS FOR EXHAUST STEAM HEATING. 
By William E. Wood.* 

These suggestions are intended mainly for the 
engineer in charge of a power house of moderate 
size, who is called upon to heat certain spaces 
in the most economical manner with limited re- 
sources, It is assumed that there is sufficient ex- 
haust from a non-condensing engine. 

The old method of placing a relief valve at the 
roof, as is still commonly done, is wrong in prin- 
ciple and only permissible in specially high build- 
ings on account of the extra cost of additional 
riser. With the relief valve at the roof, the heat- 


HIGH-TENSION ELECTRIC WIRES ON A 


wires be put underground, in conduits, where they would 
no longer be a menace to life and property. The Grand 
Jury of 1908, dissolved only a few weeks ago, repeated 
this demand in even stronger terms. Mayor Hassett, in 
his inaugural message, early this month, treated at length 
of the danger which threatens from these high power 


BUSINESS STREET IN SACRAMENTO, CAL. 


ing system has wet steam to work with and the 
engine is unnecessarily overloaded. The sketch in 
Fig. 1 shows the improved method which the 
writer has used with success. The exhaust pipe 


*Consulting’ Engineer, James B. Clow & Sons, Chicago. 


Vol. LI. 
from the engine is run horizontally to n th 
riser, and at this point the water fa)). 4 oe 
steam rises. The lower end of the rise; - - 


down to the floor line and run to the n 
through a weighted back-pressure yaly. — > ei 


desired to heat with a maximum of Say 2 lbs pes 
sq. in., the valve is loaded for that am ‘an 
the horizontal pipe from the engine mu- p the 


Weighted Back- Pressure 
Valve 


Fig. 1. Connection of Exhaust Pipe to Riser for 
Steam Heating System. 


riser more than 4 ft. above the back-pressyr, 
valve. It is evident that the weight of water in 
the stand-pipe will open the back-pressure valve 
and drain the riser. The greatest back pressure 
that can be put on the engine is the amount rec- 
essary to blow the water seal if the engin- deliy- 
ery exceeds the condensation in the radiators. 

The open air exhaust leads out of the building 
and properly should rise to the roof with a 
bleeder at bottom and exhaust head at top, and 
with no obstructions in line other than the relict 
valve shown. The main riser to the heating sys- 
tem should go to the highest point in building and 
branch off, coming down to the radiators. The 
drips should all center at the boiler room into the 
receiver of a combined pump and receiver, where 
the hot water will be automatically returned to 
the boiler. The returns must be joined under 
water, otherwise a rattling sound will resu!t. 

For the radiating surface, pipe coils or cast- 
iron radiators can be used. If pipe coils, care 
must be taken to allow for expansion by turning 
a corner of the room or by feeding into a branch 
tee placed horizontally, which makes an upright 
turn and gives spring to the coil. The great 
trouble with coil heating is making the coils too 
long. Such coils fail to heat at the drip end under 
low pressure, and the usual course is to raise the 
pressure and force the circulation, with resul‘ing 
noise and overload at engine. With labor con- 
sidered, the coils really cost about as much as 
cast-iron radiators, which can be placed at con- 
venient points and removed easily if so desired. 
In selecting radiators, it is to be remembered that 
the standard height (38 or 39 ins.) will cost less 
per sq. ft. than low radiators. In certain cases, 
however, the low radiators are better and should 
be used. 

While there are scientific methods for propor- 
tioning radiating surface, the average case in a 
factory can be better judged on its merits. If 
there is a little too much, part can be shut off, 
while the place will be cold if there is insufficient 
radiation, The use to which the room is to be 
put, as well as its exposure and construction, will 
all have a bearing on the question, but in a gen- 
eral way it will be found that 1 sq. ft. of steam 
radiation is sufficient for 50 or 60 cu. ft. of space 
in an office. Shops will demand only 1 to 80 or 1 
to 100, unless the operators are inactive and 
seated at window benches, when in some cases 
they may require office rating. This is intended 
for well constructed buildings with norma! °x- 
posures; any unusual amount of glass or wind 
exposure will demand more surface. The radia- 
tors should be placed in the cold part of the room. 
Sometimes excellent results are attained in exe 
haust work by using hot-water radiation, which, 
being connected top and bottom, circulates v°Ty 
freely. 

When the engineer of a plant of moderate © 7° 
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has bis exhaust system in proper shape -. will 

» . provide for some heat at the time the en- 
- be idle. This will require the use of live 


“ .nd a valve for reducing the pressure. 
= ee re many excellent reducing valves on the 

a but care must be exercised in the selec- 
el ¢ - trouble will result, and it is desired to 
dl + ve that a satisfactory combination can be 
. ie from regular stock material. The arrange- 
ost >roposed, and used by the writer, is shown 
a, ‘com with full boiler pressure enters a bal- 
anced valve, which is of the double-seated or 
gouble-port piston type. If of the double-seat 
type, it is so arranged that the steam enters at the 
end jeading between the disks, otherwise the 
steam will act on two circles of different areas 
and the action will be irregular. An ordinary 


balanced valve turned upside down will do the 
work. From this valve the steam is run into the 
low-pressure heating main, reducing to say 1 or 
2 Ibs. pressure. At some convenient point a T 
ig set in the main with branch on the bottom for 
a drop pipe of about 1% ins. diameter, which will 
act as a water pocket and stiffen the regulator 


To 

Low Pressure Main 

Pressure 
‘Balanced Valve Syst 

. 

Damper Regulator’ 


Fig. 2. Pressure Reducing Apparatus. 


support. This leads to an ordinary low-pressure 
damper regulator, as shown, and the regulator 
and balance valve levers are connected by links, 
as shown. The regulator is one that is used on 
every low-pressure house-heating boiler; it is 
cheap, always at hand, and sure in operation. 

Directly under the link connection is attached a 
weight holder for small split weights, which can 
be vsed to increase the low pressure. A balancing 
ball weight can be used on the lever of regulator 
to secure proper action. It is well to have a low- 
pressure steam gage attached, as it will aid in 
setting the regulator, and show that it remains in 
adjustment. If 1% Ibs. exhaust pressure is car- 
ried, and the reducing valve is set at 1 Ib., the lat- 
ter will not act when the former supplies the de- 
mand, but when the engine is shut down and 
heating pressure falls below 2 Ibs. the reducing 
valve will open and continue to supply steam 
until the engine takes up the duty again. 

A good stop valve must be put on the boiler pipe 
before it enters the balanced valve, and if a globe 
valve is used it must be placed with its stem hori- 
zontal. This is sometimes overlooked, with the 
result that the line is pocketed. It may be ad- 
visable to attach a safety valve to the low-pres- 
sure line, as it would give warning. ‘The element 
of danger, however, is remote, as the rubber in the 
regulator would be an excellent safeguard. This 
combination has been successfully used for years. 
There are no needle valves to plug up, and it is 
simple and effective. 


RECLAMATION OF THE MARSHES OF NEW JERSEY 
AND STATEN ISLAND. 
By Henry Clay Weeks.* 

The average value of a square foot of land on 
the island of Manhattan is more than the aver- 
age value of an acre in the undrained and pest- 
bearing marshes just over the eastern borders of 
New Jersey, only a few minutes’ travel distant. 
This striking difference exists because in the 
marshes we find about the worst conditions that 
can be imposed upon real estate. The section it- 
self is practically uninhabitable, and never will be 
habitable until it is drained. Moreover, it produces 
conditions of unhealthfulness and consequent de- 
pression of property values which affect a vast 
contiguous territory. 

About 40,000 acres of land in these marshes are 
substantially at high water level or so little above 
the normal tides as to be flooded by any extra 
high tides. A direct result of this saturation is 


Long Island, New York City. 


the nuisance of mosquitoes and mosquito condi- 
tions—a conceded menace now to life, health and 
vital energy as they have always been conceded 
to be to land values, and to comfort of man and 
beast. The proper drainage of this great territory 
means the opportunity of draining the fresh water 
breeding places of the Anopheles mosquito, which 


‘ is the only proven source of malaria, and that 


means more to this section than can be expressed 
in figures. 

This now has become a case where the Depart- 
ments of Health of the cities and states involved 
and the Public Health Service of the general gov- 
ernment should co-operate to put an end to a 
condition which directly affects the health of a 
vast territory, thereby lessening the value of labor 
as well as of property, which drives away popu- 
lation, thus lessening commerce, is offensive to the 
eye and to the sense of smell, and, indeed, con- 
stitutes a national nuisance. 

The necessity for the solution of this problem 
has for many generations been pressed with great 
insistency upon the attention of the people of a 
large section about the Metropolis, and, indeed, 
upon all who have ever passed through these ex- 
tended wastes; but, although the subject of most 
elaborate engineering, commercial and economic 
investigation, it still remains unsolved. 

It is not necessary here to recount the many 
plans, nor the regularly recurring prospectuses 
which have held out hope that these marshes 
would be redeemed. The one study of the case, 
which of all others should be referred to on ac- 
count of the careful detail with which it was con- 
sidered and presented, is that made by Mr. C. C. 
Vermeule, Consulting Engineer, and submitted to 
the State of New Jersey by its Geologist in his 1e- 
ports for the years 1896 and 1897. Mr. Vermeule’s 
argument on the necessity of reclamation fron 
the commercial and sanitary-economic standp»int 
is unanswerable, and the indorsement of Prof. 
John C. Smock, State Geologist, is equally strong. 
And this report of Mr. Vermeule was made before 
the positive knowledge which now exists of the 
spread of malaria from a certain kind of mosquito. 


While it is a fact that New Jersey has the 
greater interest in this matter, it is equally true 
that the menace of these great marshes is against 
the people of New York almost, if not absolutely, 
as much as against the people of New Jersey. 

The problem therefore is one which belongs not 
to New Jersey alone, not only by virtue of inter- 
est, but because of the added fact that a large 
area of the so-called “Jersey marshes” are actu- 
ally in New York State, and even within the limits 
of New York City, in its Borough of Richmond. 
Nearly the whole western side of that borough is 
in a condition quite as unhealthy and troublesome 
as the New Jersey marshes. In all there are over 
40,000 acres of land involved in the stretch ot 
about 35 miles from above Hackensack to Perth 
Amboy, and 13 miles of the distance border the 
Borough of Richmond. It is considered safe to 
say that the suggestions made hereinafter would 
also affect the swamps in the towns of Washing- 
ton and Harrington, 12 miles further north of 
Hackensack, and even those above the New York 
State line. 


PREVIOUS PLANS FOR RECLAMATION.— 
All the remedies which have been suggested, or at 
least all those noted by the writer, in extensive 
reading on the subject, have proceeded on the as- 
sumption that there are only three ways to meet 
the difficulty: (1) To elevate the marsh land by 
material taken from canals throughout the marsh; 
(2) to effect the same elevation by filling with 
material procured elsewhere; (3) the carefully 
considered plan of Mr. Vermeule, which contem- 
plates protection against the tides by elevating 
the present shores of water courses by the ordi- 
nary method of diking and then draining interior 
parts through dikes with automatic tide gates 
emptying at low tide. : 

Figures show the financial difficulty of two of 
these plans, which is aside from the consideration 
that the work would take many years to accom- 
plish. The results in all three cases would be in- 
complete, for the land would be unfitted for resi- 
dence, not only on account of there being no pro- 
vision for continuous disposal of sewage, but, by 
reason of percolation and saturation, water would 


stand too near the surface. For the same reason 
cultivation of the land would not be the most suc- 
cessful without much pumping. 

(1) The plan to open canals all through these 
40,000 acres and using the materials for elevating 
other parts would cost over $25,000,000, on the 
basis of Mr. Vermeule’s data. 

(2) It would take to properly fill the whole area 
about 300,000,000 cubic yards of soil; and to pur- 
chase (probably), transport, grade and drain 
same would cost about $150,000,000. 

(3) To raise dikes and do necessary preliminary 
work would cost, according to the moderate esti- 
mate of Mr. Vermeule, at $100 per acre, $4,000,- 
000; his estimate of maintenance and pumping of 
$5 per acre per annum is also a moderate figure, 
and yet involves $200,000 per year for all time. 
This vast area was once a great bay, with a depth 
of water in some places of over 20 feet. Ag the 
marsh formed here by accretion will dry out when 
reclaimed, it will shrink and settle, and thus 
cause the proposed gates to become inoperative. 
Hence, after a few years resort must be had en- 
tirely to pumping the rainfall out of the em- 
banked areas, or to filling. Indeed, pumping would 
have to be resorted to from the first in some in- 
Stances where the marsh level is unusually low. 

Though it is some years since the plan of Mr. 
Vermeule was proposed, it is still unexecuted, «and 
it is acknowledged to be largely because of the 
inherent difficulty presented in the hundreds of 
owners throughout the area and of its varied 
municipal or town control as well as the difficulty 
of apportioning the cost. The interests are too 
many to harmonize, though such harmony is a re- 
mote possibility. But the question is, if cuch 
harmony could be secured, are the results the best 
that could be had? 

ESSENTIAL CONDITIONS TO BE MET. 

Any plan for the reclamation of these marshes 
must satisfy certain essential conditions or it 
cannot be considered, no matter what its merit 
in other respects may be. 

In the first place it must not injure navigation. 
Diverse statements are made respecting the mag- 
nitude of the navigation interests. The largest 
estimate is that 15,000,000 tons of freight per 
annum pass through the waterways connecting 
these marshes with New York Bay. (See accom- 
panying map.) Again, an improvement must be 
so planned that the waters affected shall not be- 
come any more impure than they will be under the 
operation of the sewerage plans now under way. 
The cost must not be prohibitive, nor the diffi- 
culty of distributing the cost to the property af- 
fected such as to make it impossible to operate 
the plan. The inefficiency of work in sections 
needs no elaboration. The problem must be 
treated as a whole to reach satisfactory results. 

It is believed, however, that a workable plan 
may be suggested which will redeem the whole 
situation, and which will have none of these or 
other insurmountable objections, 

The writer, referring to this question, at the 
28th annual meeting of the New Jersey State 
Sanitary Association at Lakewood, Oct. 24, 25, 
1902, said: 

The speaker has long had in mind some relief plans 
which he has not had the opportunity or time to confirm 
by data, which have not been suggested, so far as he has 
noticed. Some such plan would seem to solve the diffi- 
culty. Surely advanced thought must find some way of 


overcoming the great evil to values, to health, to ap- 
pearances, which prevail in this great waste area. 


THE PROPOSED PLAN OF IMPROVEMENT. 

Those who have studied this subject will doubt- 
less agree that the simple making of ditches will 
not effect complete reclamation unless there is 
continual drainage. The surface of valuable land, 
situated as this is, must always be kept several 
feet above the high water level in bordering 
streams or ditches to get most comprehensive re- 
sults. This may be accomplished by lowering the 
streams bordering and traversing these marshes, 
and in that idea lies the difference of the plan to 
be described from the diking system, heretofore 
considered the only one commercially practicable. 
I propose to explain how this may be done at two 
strategic points, and then answer anticipated cb- 
jections which may be made to the general idea. 
. The plan contemplates constructions at two 
points only to reach the object sought, namely, 
(1) at or about on a line from Tottenville to Perth 
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Amboy; and (2) from Port Richmond to LVerg2n 
Point. These controlling works would consist at 
both places of dams, in all about 3,000 ft. long, 
provided with suitable gates, which wculd prevent 
the high tides from flowing into the Arthur Kill 
and the Kill von Kull. These gates would be 
opened when the outer water is at a tide level 
lower than the nearly constant inner level. This 
latter level will be normally but slightly affected 
by water which has accumulated between low 
tides, since the area of Newark Bay is very large 
compared with the flow in the streams entering it. 
The gates would be so made as to permit locking 
vessels through the dams and the gates woulli 
stand entirely open for a period before and after 
the lowest ebb tide. When the tide begins to flow 
in the outer gates will be closed, holding the inner 
waters at a level a little above low tide, as Defore 
implied. 

This plan, as briefly stated, would lower and 
maintain the height of the water within the struc- 
ture for the whole 40 miles of water course to a 
little above low tide at all times, preventing the 
high tide from causing any substantial rise within 
them. That would mean the equivalent of a filling 
in of the entire inner marsh area to a depth of 
about 4 ft. 6 ins., and hence would result in an 
opportunity of thorovrghly draining the entire 
marsh. It would accomplish by engineering work 
at two points what would otherwise require diking 
or filling in over the entire marsh area. It would 
make cultivation of, and even the erection of 
buildings on, the entire area possible. 

OBJECTIONS. 

Objection 1. Probably the first objection that 
would occur to one would be that such construc- 
tions would obstruct navigation. 

It is to be remernbered, however, that practi- 
cally nothing but freight traffic is invoived here, 
and slight delays to pass locks will not be serious. 
That locks are not considered any bar to navi- 
gation, where they are necessary to secure im- 
portant ends, is seen in the fact that there is 
more traffic through the locks at the Sault Ste. 
Marie than through the Suez Canal, or even than 
the entire traffic of Liverpool, the most active 
port in the world. Further, twice in every 24 
hours ‘the gates may be opened for free move- 
ment of vessels in or out for a total of about five 
hours, namely, before and afler the lowest ebb 
tide, when the water each side of the locks is 
about the same height. 

It will be recalled that Haarlem Mere was once 
navigable, but by that great reclamation it was 
given up as a waterway to effect vaster results. 
The same law should apply here. The greatest 
good to the greatest number should be the con- 
trolling idea. 

Objection 2. The next objection is, that, by 
maintaining the inner water level at about low 
tide, vessels of deep draft might not be contin- 
uously accommodated. 

In answer to this it is to be explained that there 
is provided for, by government appropriations, 
a depth of waterways fixed upon by various in- 
terests as sufficient—of 21 ft. in a channel betweea 
Upper New York Bay and Raritan Bay, which 
channel will circle Staten Island on the north and 
west; a-channel depth of 10 ft. in Newark Bay 
and thence up to Newark; and a depth of 8 ft. 
thence to the city of Passaic; and that these 
depths are at mean low tide. The present plan is 
merely to keep the inner water a little above 
mean low tide so that the continuous conditions of 
navigation for vessels of maximum draft would 
be benefited rather than injured by the present 
plan. 

If greater depth is ever needed than that for 
which provision is already made by the govern- 
ment, as above stated, these works would not in- 
terfere, for the locks could be built for vessels 
of any reasonable draft. 

Objection 3. Another objection is the cost. An 
approximate estimate places the cost at less than 
that for any plan proposed. However, no test 
of the character of the bottom has been made, nor 
of the foundation depths, hence there has been no 
more than a mere approximation of costs. There 
are, however, but two points where comparatively 
short channels are to be spanned with dams in all 
about 3,000 ft. long, and these dams can readily 


be made into causeways for vehicles or railways, 
or both, the rental of which would help pay for 
their cost. The expense of cross-ditching in the 
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Map of the Marshes Adjacent to Newark Bay and 
the Staten Island Kills. 


meadows is necessary in any case 7 
much less than by any other plan 
Objection 4. The difficulty of », 
necessary action may be urged by .- m 
such objectors had the experience - 
bring unanimity in even a small re-|, 
a few owners were involved, they wou ' 
present suggestion a very simple 
compared with the other plans : 
these great areas. By the present ; 
only the general government, the sist t + “4 
New York City would be required t5 , 
Objection 5. There is an objectio: =e 
be made by some who have not stud: 
tions as they compare them with sii); 
such objections might be of some ¢ 
that by the restraining of the tidal 
outflow their effect in scouring of cha woult 
be lost. 
In answering this, let it be recalle4 4) 
by the plans as explained, there will 
paratively slight inflow, there wil] |. 
outward current, tending to keep the o} ts 
open, and there will be no sediment 
twice a day by a strong inflow, as at t 
must also be remembered that s9\, 
rivers, with a catchment of S00,0(0 
daily pouring an ordinary average \.).» 
1,280,000,000 gallons through these cha», 
inclosed within these controlling works 
this volume of water, always moving 
will have a great scouring effect. In thi< 
tion a statement of Col. J. W. Barlow, Corps of 
Engineérs, U. S. A., in a report dated Jan. on 
1900, to Brig.-Gen. John M. Wilson, Chic! of 
gineers, is very encouraging. This report 


ind that 
e way, 
onner. 


was 
approved by Secretary of War Root, and jater re- 
sulted in an appropriation by the genera! govern- 
ment of $696,000 to improve these channels: 

It is believed that the proposed improvement is of a 
permanent nature, and will require only a smal! expendi. 

, the shoals are not sedimentar sits and the 
are no shifting sand bars. 

A, report of Major Adams, U. S. A., in 1896 


stated that at the end of about 20 years the 
Arthur Kill channel retains practically the full 
depth, reduced somewhat by washing in of mate- 
rial from the adjacent flats. 

If, however, any shoaling should occur contrary 
to the above ideas, it could be readily corre:tod. 
It is hardly supposable that the expense for 
dredging can be as great after as before the pro- 
posed works are constructed. 

Objection 6. An objection naturally following 
the last is that the pollution cf the river wou'd not 
be as thoroughly counteracted through the lack of 
incoming salt water, held back by the proposed 
dams and gates. 

In answering this, it is not necesary to assume. 
what is fair assumption, that these witers 
should not be polluted. When the plans now unde: 
way are carried out and possibly more stringent 
measures taken to prevent pollution, the great 
volume of water in. Newark Bay will be com- 
paratively pure. By opening the locks herein }70- 
posed and other gates before low tide, a great 
volume of salt water will enter and ail in making 
and keeping still more pure conditions; a"1 thea 
when the tide is lowest there will be a sth: = wul- 
flow which will clear out all impurities that may 
have collected. This purification may be aided by 
the gate valves along the bottom of the entire 
dam, as above noted, which could be opene|, as 
well as the locks, when the inner water was 
higher, so as to let off any accumulations aicns 
the bottom of the dam at the sides of locks 


Objection 7. When there is a concurrence of 4 
very high tide, and a very heavy rainfall, i there 
not a rare possibility,. which should be consii- 


ered, of the water rising, as it does now, above the 
inner bank and flooding works and areas n! pro- 
vided against such an emergency, before the fall- 
ing tide allows escape of the accumulated \1t rr 

To this answer may be made that there 's 4 
natural reservoir within the dams for such an 
emergency, which consists of over 10,000 res, 
and that in it there would be the opportu y ° 
accumulating water if necessary to a depth of 
about, 4 ft. without damag2. 

Assuming the estimate kindly furnished | Mr. 
H. B. Kummel, State Geologist of New J 's°y, 
through Mr. C. C. Vermeule, of that state's tch- 
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. emptying through the two kills north 
- Staten Island as 1,251.4 square miles, 
a createst flood flow under the most un- 
ditions io be 18,020,000,000 gallons in 24 

that the proposed controlling works 
conditions would be closed about eight 
ne time, we have a most rare possibility 
ae storage for 6,000,000,000 gallons 
‘low level. An approximation of the 
ee pacity in Newark Bay and in all the 
a oreeks for each foot of depth is 4,000,- 


ions, so that the greatest supposable 
water in the inclosed area would be 
ris 
“ |S. After ten years or so by subsidence 
‘ rsh, would extensive dredging not b2 
rel to preserve the depths of channels now 
a \ | for by the government? 
ne n't be answered by a statement of fact 
Sete anks of the streams would settle on ac- 
ant their saturation but little as compared 
eae interior. If some dredging were neces- 
oa to preserve the full depth it would doubiless 
re ve y much less than under any other system 
a reclamation, for reasons referred to above. 


provision at the locks for deepening of the chan- 
nels could be made in their construction, even to 
the extent of the fullest subsidence. 

Of course, if the interior water were ever r2- 
quired to be kept below low tide, pumping would 
have to be resorted to, as is done in many other 
situations. But this contingency is considered 
very remote. 

Objection 9. The argument against a construc- 
tion across the stream as liable to result in acci- 
dent could be met by a reference to the case of 
the foreign situations, where exposure to the 
open sea affords much greater chance of accident; 
and further that provision against accident may 
be had by extra or emergency gates. 

Objection 10, Would domestic drainage be hin- 
dered by the proposed works? 

Mr. Vermeule, who is as familiar with the con- 
ditions as any engineer, says: 

An additional reason for adopting a lowering of the 


7 level (by his plan) rather than by raising of the 
tand is ‘found in the fact that some districts already built 


parks, streets, and all exempted property, whose 
taxable valuation in 1903 was $3,483,000,000, and 
is doubtless worth as an investment $5,000,000,- 
U00—say 40,000 times as much as the former. 

Thus do mosquitoes and mosquito conditions af- 
fect other considerations besides public health, 
and these two are by no means all that are af- 
fected. The problem is one of the most far reach- 
ing before the country or the world. 


THE FIVE DAMS AND WOOD STAVE CONDUIT OF THE 
SOUTHERN CALIFORNIA MOUNTAIN WATER CO. 
(With full-page plate.) 

In the extreme southwestern corner of the Unit- 
ed States the Southern California Mountain Water 
Ce. is developing one of the most notable water 
supply systems in the world. The company has 
already built three dams of unusual design, has 
had two incomplete dams in use for a number of 
years, and has built a portion of a 20-mile wood 
stave pipe line, 42 and 36 ins. in diameter, which 
is under a maximum head of 391 ft. Of the two 
incomplete dams, work on one (the Moreno), was 
not stopped until the 100-ft. reservoir contour had 
been reached, while the other, temporarily stopped 
at a height of 35 ft., is about to be completed. 
This great system will supply water for both do- 
mestic purposes and irrigation. Its scene of op- 
eration is adjacent to the famous Sweetwater 
Dam and water system, owned by the Sweetwater 

Water Co. 

The moving spirit in the work of the Southern 
California Water Co. is Mr. E. S. Babcock, its 
President. Mr. H. N. Savage, M. Am. Soc, C. E., 
of National City, Cal., has been Consulting En- 
gineer of the Southern California Mountain Water 
Co. since 1893, and Chief Engineer of the Sweet- 
water Water C§. since 1890. We are indebted to 
Mr. Savage for most of the information and il- 
lustrations here given. 

The accompanying map, Fig. 1, shows the loca- 
tion of the five dams and the conduit described 
and illustrated herewith, as well as the location of 
the Sweetwater Dam, the City of San Diego and 
nearby communities. 
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upon in the eastern part of Newark have defective drain- 
age. To raise the meadow land would aggravate the evil, 
while lowering the water level will greatly improve the 
Grainage of considerable areas af the present city. 


The present plan lowers the level by keeping out 
the tlood tide, as explained, and not by diking, and 
by many tide gates, and afterwards by pumping. 


: close with a comparison of the valuation of 
these 45,000 acres directly affected by the fore- 
Soing recommendations (not mentioning four 


* a8 many more indirectly), whose valuation 
may be fairly averaged as $10 per acre, with a 
tract three miles distant of 13,487 acres, including 


years past, nearly all the water for irrigation un- 
der the Sweetwater system meanwhile having 
been pumped from ‘wells, located chiefly in the 
valley of the Sweetwater River. 

The Moreno dam is about 60 miles from San 
Diego and some 3,:v0 ft. above the Pacific Ocean. 
At about one-half the elevation named and eight 
to ten miles or so nearer the city is the Barrett 
dam. The upper and the lower Otay dams are 
550 and 400 ft. above and 20 and 22 miles, re- 
spectively, from San Diego. The Chollas Heights 
dam is only four miles from San Diego. 

Water from the Moreno reservoir flows down a 
natural channel for eight to ten miles to Barrett 
reservoir, From the latter a conduit is projected,* 
as shown on the map, to Dulzura, a point on one 
of the headwaters of the Otay River, thus giving 
a natural connection with the Lower Otay reser- 
voir. From this reservoir a conduit 20 miles long, 
84 miles of which are already completed, will lead 
to San Diego. 

The conduit between the Barrett reservoir and 
Dulzura would have a capacity of 200 cu. ft. per 
sec. Preliminary surveys and estimates have been 
made for a cement-lined trench, a wood stave con- 
duit, and a chain of tunnels. The tunnels would 
have an aggregate length of 84 miles; wood con- 
duit, 11% miles; canal, 114 miles. The projected 
irrigation-power conduit 'ine (Fig. 1) running 
from Dulzura to San Miguel Mt. would be 25 miles 
long, of wood staves, and would have a capacity 
of 75 to 125 cu. ft. per sec. It would command a 
large tract of irrigable land and would afford 
power at a head of 500 ft. and an elevation of 600 
ft. above sea level. After being used for power 
this water would be available for irrigation in the 
vicinity, or could be delivered into either one of 
the Otay reservoirs, or into the Sweetwater reser- 
voir. 

The foregoing is only an outline of the completed 
and particularly of the projected works of the 
Southern California Mountain Water Co. Other 
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MAP SHOWING THE WATER SYSTEMS OF THE SOUTHERN CALIFORNIA MOUNTAIN 
WATER CO., AND“THE SWEETWATER WATER CO., NEAR SAN DIEGO, CAL. 


Of the five dams, the Méreno is rock-fill 
structure; the Lower Otay is a rock-fill dam with 
a steel core plate; the Upper Otay is of concrete, 
with steel plates and cables embedded in its cen- 
ter; the Chollas Heights is of earth, with a steel 
core plate for part of its height; and the Barrett, 
although originally projected as a rock-fill dam, 
will be.a rubble masonry structure. None of the 
reservoirs has yet been completely filled, the 
rainfall having been low since they were built. In 
fact, there has been practically no run-off in the 
adjoining Sweetwater drainage area for several 


reservoirs and pipe lines are projected, and the 
company owns the Jamul and Janal ranches, with 
a combined area of over 13,000 acres, besides hav- 
ing contract rights from the San Diego Land & 
Town Co. to thousands of acres in the Otay and 
National grants, and a contract with San Diego to 
supply the city with water. The whole domestic 
water supply of San Diego, it may be added, is 
now dependent upon water pumped from the bed 
of the San Diego River and a portion of the year 


*Pending the construction of this conduit the wate? in 
the Moreno and Barrett reservoirs is not available. 
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on reservoir stored water brought by gravity 
from the same stream by the San Diego Flume 
Co. 

The five dams will now be described, as nearly 
as may be in chronological order, after which 
some details of the wood stave conduit will be 
given. Views of the several dams are presented 
on the full-page plate accompanying this is- 


130.0 


» 
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of Stee!) 


into place by means of three huge blasts, in 
which 250,000 Ibs. of powder were us24_ It is esti- 
mated that each pound of powder moved a cubic 
yard of rock, and that some of the pieces thus 
moved weighed hundreds if not thousands of tons. 
Small pieces of rock were moved from quarries 
by means of Lidgerwood cables 400 ft. above the 
bottom of the canyon. An outlet tunnel 8 ft. sq. and 


Concrete, | thick, at 
each Side of Core 


Cross-Section of Dam. 


j 


Vertical Scale 

Ww W 120 


Horizontal Sca ‘Line of Bed Rock 


Profile of Dam. 


sue, and reproductions of line drawings are print- 
ed in the text.* 

LOWER OTAY DAM.—This dam was begun in 
1893 and finished in August, 1897. It was started 
as a masonry structure 65 ft. thick at the base, 
but after it had been carried up to a height of 28 
ft. above the base and 8 ft. above the bed of the 
stream the design was changed from rubble ma- 
sonry to rockfill, with a riveted steel core plate. 
The dimensions and details of this dam are shown 
by Fig. 2, reproduced from our issue of March 10, 
1398, and Fig. 3, on the full-page plate, is a view 
of the structure, taken in December, 1901, four 
years after its completion. The T-iron at the 
base of the core plate was anchored to the old 
masonry by means of 1-in. iron bolts, leaded into 
holes drilled in the stone. The steel core plate has 
a thickness of No. 0 to No. 3, Birmingham gage, 
or 0.34 to 0.259 ins. It is protected on either side 
by 18 ins. of sand concrete. An outlet tunnel 4 ft. 
sq. and 1,100 ft. long leads to the valley of the 
Otay River. For further particulars of design the 
detailed description already mentioned may be 
seen. The reservoir formed by this dam, when 
filled to the 130-ft. contour, has a capacity of 42,- 
000 acre-feet, or about 14,000,000,000 gallons. It 
has a drainage area of about 100 sq. miles. Mr. 
W. S. Russell was the engineer directly in charge 
of this dam. 

MORENO DAM.—This structure was begun in 
July, 1896, and after being carried up 100 ft. of 
its proposed height construction was temporarily 
suspended in 1897, on account of litigation over 
water bonds issued by the city of San Diego, with 
which city the company has contract relations. As 
designed, the dam was to have been built high 
enough-to impound water to the 150-ft. contour, 
thus giving a storage of 47,000 acre-ft., or 
more than 15,000,000,000 gallons. The dam is lo- 
cated in a canyon 80 ft. wide at the bed of the 
stream, with sides steeper than 1 to 1 for a height 
of more than 500 ft. Excavation of the foundations 
of the dam showed a remarkable fissure, Fig. 9, ex- 
tending to a depth of 11244. This was filled with 
concrete, and the latter was carried to the 30-ft. 
contour, thus making a concrete wall 142% ft. 
high. Aside from this concrete wall the dam is 
composed of rockfill, most of which was blown 


*The Lower Otay dam was fully described and illus- 
trated in our issue of March 10, 1898; the Moreno and 
Barrett dams, so far as built, and the Upper Otay dam 
were briefly described, but without illustrations, in our 
issue of Aug. 22, 1901. For convenience some of the il- 
lustrations of the Lower Otay dam and most of the text 
hitherto published are repeated to accompany the new 
matter here given. 


Plan Showing Enlargement of Masonry 
Base at Ends of Dam. 


Section of Steel Heart-Wall. 
FIG. 2. PROFILE AND SECTIONS OF LOWER OTAY ROCK FILL DAM, WITH STEEL CORE 
PLATE. 


600 ft. long has been built here. Tye drainage area 
of this reservoir is 130 sq. miles, at an elevation 
of 3,200 to 6,000 ft. Fig. 4, on the plate, is from 
a photograph taken in August, 1900, after the 
dam had been built some three years. 

UPPER OTAY DAM.—This bold steel reinforced 
concrete dam, of the arched type, is only 1+ ft. 


thick at its lowest point, which is 84 ft. below the 


top, and also coincides with the natural bed of the 
creek. The dam is 350 ft. long on top, and for its 
height lays claim to first rank in minimum sec- 
tion and cost. Two tiers of steel plates, shown 
in Fig. 10, were placed longitudinally at the axis 


Vol. LI, » 

tion. The reservoir has a Storage = 

nearly 2,000 acre-feet, or some «7, pr of 
lons, and is to be filled by a condy) pgs 
the higher reservoirs. Mr. C. M. 
neer in charge of this structure, }).: — 
or at least its general features, i; design, 
Mr. Babcock. 

CHOLLAS HEIGHTS DAM.—It is ; 
note that this earth dam, with a 1,. “ane 
plate in its lower part (Fig. 12), w. a 
June to September, 1901, thus an: tine ia 
some months the use of steel core in 
dams, suggested editorially in Engin. g So 
of Feb. 20, 1902. a 
Fig. 12 shows the details of this da, ind Fj 

5, on the plate, is reproduced from » ne . > 
taken in 1901. The dam is located ¢. a 
San Diego (Fig. 1), on the line of the a 
conduit from the Lower Otay Dam to city ri 
is 56 ft. high above its lowest point, 1 526 ~ 
long on top, and forms a reservoir with apaclty 


of 150,000,000 gallons, which is said 


cient to supply the present wants of mae 
works of San Diego for about 30 days. vir. pF 
Tabor was the engineer in charge of ¢} dam 
THE BARRETT DAM.—Designs (F 13) tor 
completing the Barrett Dam as a mas. y struc. 
ture have been made by Mr. Savage an | accepted 
by the company, and a construction plan. inciyg. 


ing two lateral-movement 20-ton Lidgerwoog cas 
bleways was assembled some months ago, but 
nothing has been done since. This dam was built 
to a height of 35 ft., 13 ft. thick at the top, ang q 
top length of 150 ft. in 1897. When built to q 
height of 175 ft. above its lowest point the reser. 
voir above the dam would have a capacity of 4s. 
000 acre-feet, or some 16,000,000,000 gallons. The 
reservoir has an independent drainage area of 
120 sq. miles, besides commanding the 1:30) miles 
tributary to the Moreno reservoir. An outlet tun- 
nel 8 x 8% ft. in section and 800 ft. long has al 
ready been built. 


Figs. 7 and 8 show the dam as built to the 35-ft. 
level, and are from photographs taken in May, 
1900. It was proposed for some time to continue 


this dam as a rock fill structure with a steel core 
plate, but, as indicated by Fig. 13, masonry con- 
sisting of large rock embedded in concrete will be 
used instead. 

THE WOOD STAVE PIPE LINE.—The 42 and 
36-in. pipe line mentioned several times in the 


FIG. 11. VIEW OF UPPER OTAY CONCRETE DAM UNDER CONSTRUCTION. 


of the dam, presumably for water-tightness, while 
above these, at intervals of 2 ft. vertically, a 1%- 
in. railway cable was placed, the highest cable 
being within 5 ft. of the top of the dam. The rich- 
ness of the concrete increases towards the base, 
in three stages, as given on Fig. 10. Fig. 11 is a 
view of the dam under construction, and Fig. 5. 
on the plate, shows the structure as it appeared 
in September, 1901, about a year after its comple- 


preceding portion of this article will have 4 length 
of 20 miles. On this 8% miles have been under 
continuous pressure since Aug. 12, 1901, th maxi- 
mum head being 293 ft. For the higher p:-ssure 
the staves were dressed from 3 x 6-in. re‘v0od. 
The proper size of bands not being availab!. © ™ 
bands only %4-in. in diameter were used, and where 
the pipe was undermaximum pressure the bands 
were 1 in. c. to ¢., making it necessary to © ‘lect 
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UPPER OTAY CONCRETE DAM, WITH STEEL 
PLATES AND CABLES AT AXIS. 


FIG. 3. LOWER OTAY ROCK FILL DAM, WITH STEEL FIG. 6. CHOLLAS HEIGHTS EARTH DAM, WITH STEEL 
CORE PLATE RESTING ON MASONRY WALL. CORE PLATE AND CONCRETE WALL AT BASE. 


FIGS. 7 AND 8. FIRST STAGE OF BARRETT MASONRY DAM, FROM ABOVE AND BELOW, MAY, 1900. . 


THE FIVE DAMS OF THE SOUTHERN CALIFORNIA MOUNTAIN WATER COMPANY 


; E..S. Babcock, President; H. N. Savage, Consulting Engineer, National City, Cal. 
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-h band around the connecting saddle of the ad- 
ena pand. Fig. 14 is a view of this conduit 
= it is under a head of 293 ft. Fig. 15 shows 
the 40-in. conduit, together with a 30-in. 
ff, and the Lower Otay tunnel outlet. 
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ETHODS ADOPTED IN ESTIMATING VALUES OF IM- 
PROVEMENTS ON THE UNION PACIFIC RY.* 
By J. B. Berry,t M. Am. Soc. C. E. 


w » the present owners of the Union Pacific Ry. took 
on of the property Jan. 1, 1898, it was decided 
rensive improvements should be made in order 
‘he road in condition for more economical opera- 
tion, After a thorough examination of the conditions a 
genersl policy was agreed upon which has since been car- 
P it, and for which the management has made liberal 


pos 
that 


to | 


ried 


appropriations. The proposed improvements included in- | 


in size of locomotives and capacity of cars, reduc- 
tion of ruling gradients and elimination of as much dis- 
tance, curvature, and riseand fall as was practicable. These 
improvements were to extend over all the main lines, but 
owing to the peculiar conditions existing on the Wyoming 
Divivion, Cheyenne to Ogden, a distance of 516 miles, the 
radical changes were to be made there. 


cre 


most 

A careful study was made of the maps and profiles of 
the constructed line and the records of earlier surveys 
and explorations in the territory under consideration, and 


engineers were placed in the field to re-run some of the 
old |! It was decided 
that by doing some very heavy work, a ruling gradient of 
or 43.3 ft. per mile, could be established on the 
Wyoming Division, with the exception of the two places 
hereafter mentioned. The reduction of ruling gradients 
was considered the most important object to be attained in 
the relocation of the line, saving in distance next, reduc- 
tion of total degrees of curvature third, and saving in rise 
and fall fourth. In addition to the more important work 


0.82%, 


of reducing maximum grades, lowering main summits and 
avoiding the wide detours made by the old line, much at- 
tention was devoted to minor changes which would take 


out curvature or other features unfavorable to a high 
speed line. 

It was found that at two places on the division it would 
be impossible to reduce the gradient to the adopted max- 
imum and that helper grades would have to be retained, 
but that these could be materially improved. These 
places are: Cheyenne to Buford, 27 miles west-bound; 
and Ogden to Wahsatch, 65 miles east-bound, the latter 
stretch lying mostly in Weber and Echo Canyons and hav- 
ing grades varying from 53 to 96 ft. per mile. On this 
section the grades and alinement were, however, sus- 
ceptible of considerable improvement. Between Buford 
and Wahsatch, a distance of 424 miles, it was found prac- 
ticable to make the revisions necessary to obtain the pro- 
posed ruling gradient of 43.3 ft. per mile in each direction. 


E1.428.0 
420 
YL Riveted Steel Core Plates 

4x60 250 
400 - 
> 
4 
370 


24°CL Outlet Pipe laid in Trench on 


Section. 


FIG. 12. CHOLLAS HEIGHTS EARTH DAM, WITH STEEL CORE 
PLATE AND CONCRETE WALL AT BASE. 


tm the Chief Engineer’s office estimates were made of 
the various locations, and statements prepared showing 
comparisons of physical characteristics, and of the esti- 
mated annual saving in operation of the proposed lines 
as compared with the existing line. These comparative 
csUmates were made in accordance with the method given 


“Abstract of a paper presented at the annual meeting of 


the American Railway Engineeri 
Way Association y gi ng and Maintenance of 


_chiet Engineer, Union Pacific Ry., Omaha, Neb. Mr. 
mac acknowledges the assistance given him in the 
preparation of the matter by Messrs. Shurtleff and Cone, 
ot the Engineering Department, Union Pacific Ry., and 
also by Mr. W. P. Watson, who was at one time an em- 
p.oyee of that department. 


Tower Base, II' Diameter 
3 Courses Crossed Rails in Concrete 


by Mr. A. M. Wellington, using his classification of ex- 
penses and percentages affected by changes in gradients, 
distance, etc., but applied to the actual cost of operation 
on the Union Pacific Ry. for a period of years. The sum- 
mary in Table A_ will give an approximate idea of what 
has been actually accomplished up to the termination of 
the fiscal year ending June 30, 1902, on the first four en- 
gine districts of the division. The operating statistics in 
Table A are deduced from reports made by the Auditor. 
‘Before Change’ shows the average for the two years end- 
ing June 30, 1900, and ‘“‘After Change’’ for the year end- 
ing June 30, 1902. The reductions in gradient, distance, 
etc., are for the more important changes in the line; minor 
changes in line made in connection with revision of grade 
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Fig. 9. Profile and Details of Moreno Rock Fill 
Dam, with Concrete Wall at Base. 


work would increase these savings somewhat. On the dis- 
trict west of Evanston much improvement work has been 
done, especially in the canyon between Wahsatch and 
Ogden. Here a great deal of bad and dangerous curvature 
has been eliminated and revision of grade work prose- 
cuted with a view to ultimately having a more uniform 
grade and better line. 

It will be noted that on each district, except Cheyenne 
to Laramie, there has been a saving in distance and 
curvature as well as a reduction of gradient. On this 
district, which crosses the Rocky Mountains, with an in- 
crease in distance of only 0.37 miles and 86° additional 
curvature, the summit was lowered 236 ft., the east- 
bound grade reduced to the adopted maximum, the west- 
bound helper grade shortened about 6 miles, and reduced 
from 88 to 82 ft. per mile. The increase in the number 
of trains is due to increase in volume ‘of traffic. The 
average weight of train behind engine and tender has 
been greatly increased, owing partly to reduction of 
grade and partly to the introduction of more powerful lo- 
comotives and larger cars. 

It may appear to those unfamiliar with the character 
of the country that the great saving in distance and re- 
duction of grade would stand as a criticism of the work 
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amount of money and necessity to get road built soon as 
possible, it can be said, with all our present knowledge of 
the topography of the country, that the line was located 
with very great skill. 

ECONOMIC BASIS OF REVISION WORK. 

In order to intelligently locate a line for a railway, it 
is essential that a study be made to determine what effect 
the location and construction cost of different routes 
would have on the operating expenses and fixed charges 
of the road. Any expenditure in construction which re- 
duces operating expenses by an amount greater than the 
interest charges on such expenditure will be an economy. 
The volume of traffic being equal, the most economical 
location is that which will require the least expenditure 
to cover the combined cost of interest and operating ex- 
penses. The details of location affecting operating expenses 
Distance, Curvature, and Rise and Fall. 
As the effect of these details on operating expenses varies 
most directly with the number of trains operated, the 
‘train mile’ is used as the general operating unit. 

In order to determine the relative merits of different 
locations, values must be ascertained for each detail 
affecting operating expenses. ‘‘The Economic Theory of 
Railway Location,’’ by the late A. M. Wellington, treats 
the entire subject fully. In this work Mr. Wellington 
gave to engineers a logical method of obtaining the 
values for distance, curvature, rise and fall and gradients, 
but the modern classification of operating expenses as 
adopted by the Interstate Commerce Commission gives 
these expenses in greater detai] than could be obtained 
during the life of Mr. Wellinzton. This detail is of ma- 
terial assistance in following out Mr Wellington's gen- 
eral method, as it lessens the chance for error in judg- 
ment as to the proportion of each item of expense which 
will be affected by changes in the detailg of location 
Prof. W. L. Webb, in his recent work on “Railroad Con- 
struction,’’ has developed values for the various details, 
following the general method given by Mr. Wellington, 
but using the classification and figures given in the 
Reports of the Interstate Commerce Commission for the 
entire railway system of the United States. A study of 
these reports shows that the average cost per train mile 
in the more populous states is less than in the states west 
of the Missouri River. 

In order to obtain a value of these details of location 
for the use of engineers in the Western states, the general 
methods of both Mr. Wellington and Prof. Webb are ap- 
plied in this paper to the operating expenses of the 
Union Pactfic Ry. 

Table I. is deduced from statements of operating ex- 
penses for the four years ending June 30, 1902, and shows 
the percentage that each item of the table bears to the 
whole. The average cost per train mile is also shown, 
and this cost is divided between the items of the table 
according to the percentages shown. 

Before proceeding to consider the value of gradients, 
distance, etc., it is necessary to obtain some basis for 
arriving at the proportional percentages of the more im- 
portant items that are affected by changes in location. In 
many of the smaller items judgment alone has to be 
used, and in most of such cases a wide variation in judg- 
ment will produce but a slight change in the final figures. 


Down 


of the pioneer engineers who made the original location 
of the railroad. Such is not the case. The changes made 
have been expensive and could be warranted only by the 
volume of traffic handled at the present day. Too much 
credit cannot be given Gen. G. M. Dodge and his assist- 
ants. They studied their task thoroughly and performed 
it well. Limited by law to a maximum gradient of 116 
ft. to the mile, not compensated for curvature, they held 
it down to about 90°ft. per mile. Taking into consider- 
ation the existing conditions 35 years ago: lack of maps 
of the country, hostility of the Indians, which made 
United States troops necessary for protection of survey- 
ing parties, difficult transportation, excessive cost of 
labor, uncertainty as to probable volume of traffic, limited 
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FIG. 10. PLAN, ELEVATION AND DETAIL OF UPPER OTAY CONCRETE 
DAM, WITH STEEL PLATES AND CABLES, AS INDICATED. 


In the larger items of Maintenance of Way, Maintenance 
of Equipment and Conducting Transportation, the reports 
of the various departments for the four years covered by 
Table I. have been studied and the conditions as they 
exist on the Union Pacific have been considered. The 
reasons for adopting these percentages are given in detail 
in Wellington’s ‘‘Economic Theory of Railway Location.’ 
Tables Nos. 2, 3 and 4, together with the following notes, 
give some additional reasons, and also explain those 
points wherein percentages different from Wellington's 
have been used. 

MAINTENANCE OF WAY.—Total side track mileage*is 
about 34% of mileage of main track. One-half of side 


track mileage is in large yards and terminals, the bal- 
ance being side tracks at intermediate stations. There is 
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Stream Elevation 


FIG. 13. PLAN, ELEVATION AND CROSS-SECTION OF BARRETT MASONRY DAM, AS 
PROPOSED. 


probably about one-third as much labor spent on repairs 

of side tracks as on the same length of main track. The 

same is assumed to be true of material; hence in these 

calculations it will be assumed that labor and material 

in repairs of roadbed and track are distributed as follows: 
Main track 


Large yards and terminals.......... es 
Smaller stations ............ 


MAINTENANCE OF EQUIPMENT.—From the annual 
locomotive performance sheets and statistics of train ser- 
vice it is found that total train mileage is but 75% of 
total locomotive mileage. Table 2 is similar to a table 
given by Wellington, the total cost of locomotive repairs 
being prorated between the different classes of service 
according to mileage. The distribution with reference to 
contributing causes is changed somewhat to fit the con- 
ditions on the Union Pacific, curvature on the Union Pa- 
cific averaging li’ per mile, whereas Wellington assumed 
30° per mile. 

CONDUCTING TRANSPORTATION.—As only 75% of 
engine mileage enters into total train mileage, the wages 
of engine and roundhouse men due directly to hauling 
trains with single engine are assumed as 75% of the 
whole. 

In train service only about 75% of the crews are paid 
on a mileage basis, the balance being on monthly wages, 
and any increase of distance, unless it be great, would 
affect only 75% of this item. 

Fuel, water, oil and waste are covered by Table 4. 

GENERAL EXPLANATION.—It must be thoroughly 
understood that the total train mileage includes the mile- 


Fig. 14. View of Lower Otay and San Diego 


Wood 
Stave Pipe Line in Mersh Canyon, Under 293-ft. 


Head. 


age of all passenger, freight, work and special trains, 
whether revenue or non-revenue. In the calculations as 
to the effect of the various details of location on operat- 
ing expenses a single train is considered with a single 
locomotive. Therefore, none of the expense connected with 
helper, switch or light engine enters into the calcu- 
lation, and only that proportion of the remainder of each 
item of operating expenses which is affected by gradient, 
distance, curvature, etc., is considered. 

Any increase in repairs and renewals of shop machinery 
and tools caused by increase in gradients, distance or 
curvature is considered as proportional to the increase in 
repairs and renewals of locomotives and cars. 

GRADIENTS. 

The most important engineering problem affecting the 
operating expenses of a road is the question of the ruling 
gradient to be adopted. On short changes of line this 
question does not enter into consideration, as the maxi- 
mum grade is always held within the limits allowed by 
the ruling grade of the engine district. On new lines, and 
on changes of line of some magnitude, it is an extremely 
important question. The ruling grade of an engine dis- 
trict governs the number of trains necessary to handle 
the traffic of that district, and should never be ex- 
ceeded except where the character of the country is such 
as to make “helper grades’’ advisable. Any change that 
may be made in a line to reduce the ruling gradient will 
reduce the number of trains required to handle a given 


TABLE A.—Comparative Summar >} 
Operating Characteristics, Union Pacific Ry 
to Evanston, Wyo., Before and After Rey 


Chey- Lara- Raw- G; 
enne mie lins R 
to to to 
mie. iv 
Length of district, miles: 
efore change..... 56.53 136.44 135.62 1 
After change..... .56.{ 34 in 
Miles of new line built 10 
in making change...29.63 59.12 3.84 34 
Maximum _ gradient, 
compensated, ft. per 
mile: 
before 
Eastbound, after 
43.3 3.3 
2. 43.3 43.3 4 
Increase in total 
curvature, degrees. 86 ...... 
Decrease in total 
curvature, degrees.. .... 4,668 739 1,84 
Decrease in rise and 
162 128 77 2 
Ave. number of daily - = 
trains each way: 
ehange, 
Before change, 
passenger ...... 3.00 3.4 3.00 
— 
7.52 7.12 ‘ 
After change, 
passenger ...... 4.00 4.00 4.0) 
Helper engine mile- 
age in actual agsist- 
ance of trains per 
1,000 freight train 
miles: 
Before change..... 369 246 200 344 
After change ..... 180 3* 2 35* 
Passenger helper en- 
gine mileage per 1,- 
pasenger train 
miles for entire di- 
vision: 


*Helper engine mileage does not include return of jight 
engine. The small amount of helper mileage “after 
change” on districts from Laramie to Green River not 
due to helper grades. On district Green River to Eyans- 
ton, the Aspen Tunnel line was not thrown open to oper- 
ation until October, 1901, when helper service was 
continued. 
traffic. To get at the value of changes in ruling gradient 
the additional cost of running one more train per day to 
handle a given traffic will be considered. 

As many items of expense will not be affected, the cost 
per train mile for the additional train will not be as large 
as the average cost per train mile for the entire traffi 
Table 5 considers the percentage of the items of operating 
expenses which are affected by such an additional train 
as applied to the operating expenses per train mile on 
the Union Pacific Ry. 

The saving per annum due to a reduction of gradient 
so that one less daily train in each direction can handle 
a given traffic will be as follows: $0.51 x twice the length 
of engine district x 365. Multiplying this product by the 
number of round-trip daily trains saved, and dividing by 
the interest rate, will give the justifiable expenditure to 
make the proposed reduction in gradient. 

In order to find the number of freight trains caved by 
any reduction of gradient, it will first be necessary to as- 
certain the total trainload that can be hauled on different 
gradients by a given engine. Freight trains are of two 
classes, fast and slow. t 


The slow freights are given the 
maximum tonnage that can be hauled on the ruling gra 


FIG. 15. VIEW OF LOWER OTAY 
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" t Showing the Average Proportion 

‘ton a Operating Expenses bears to the 
the Union Pacific R. R. for the Four Years 
- june 30, 1902. 


| Per Cent. 
ITEM. lot Whole. 
No 

gy nce of Way and Structures: 

Switches. ....+ 0.35 

5 n of 
Road! an 

Fences and Sheds 0.10 

ad Rail Fastenings. 

endence 

of Rails 

and Renewals, Bridges and Culverts ....... wesvesl 1.81 

0 Crossings, Signs, Cattle | 

i 

® Buildings and Fixtures............ 

3 ‘ 

sry and Printing 


nce of Equipment: 


4 and Renewals, Locomotives 10.19 
16 ‘ Passenger and Sleeping Cars. ..... 2.0% 
” | 0.51 
4 “ Shop Machinery and Tools....... | 1,03 
Printing and Other | 0.80 
| 20.55 
ng Transportation | 
and Round-house Meo. 10.10 
55, . Oil, Waste and Other Supplies for Locomotives... 1.36 
Train Supplies and Expenses............ 1.91 
ss Swi o, Flagmen, Watchmen and Switching Charges. .| 2 q 
Telegraph Expenses, ... | 2.44 
Station Service and Supplies. 5.62 
31 Car Mileage, 0.61 
R Hire of Equipment....... 0.04 
33 I .nd Damage to Freight, Property, Stock; Injury to 
Persons Clearing Wrecks, | 1.88 
4 \ivertising, Agencies, Commissions, Rents for Buildings, | 
Yards, C00... 4.66 
35 Stauonery and Printing, | 0.53 
| 49.36 
| 
Tomes Pold,.. | 5.64 
37 General Expenees 4,98 


Average Cost per Train Mile for the Four Years............. $1.17 


—— 


dient at a maintained speed of 10 or 12 miles per hour. 
Fast fre'ghts are given the train that can be hauled at a 
much higher velocity. Both classes would be affected by 
any change in gradient. Six pounds per ton of train is 
taken as a fair average for velocity and frictional resist- 
ance, equivalent to a speed of about 16 miles per hour. 
To get at the number of trains necessary to handle a 
given traffic it is necessary to find what weight of train, 
exclusive of engine and caboose, can be handled by the 
engines used on the district. This is found as follows: 


Pounds Tractive Power 
Weight in tons = 


Total pounds resistance per ton 
minus the weight of engine, tender and caboose in tons. 

Table 6 gives this weight in tons for one of the modern 
Union Pacific locomotives. 

No advantage except a reduction in time would be 
gained by reducing grade below 0.4%, as starting resist- 
ance of train on level would limit the weight of train. 
For other locomotives of modern type the weight of train 
would vary, depending on the tractive power, but the 
percentage of reduction in weight for increased grade 
would vary only slightly from the above. Table 7 is de- 
duced from Table 6. The first column gives the gradient 
that it is proposed to reduce. The following columns 
give the percentage of trains necessary to handle the 
same traffic if grade is reduced to that given at the 
head of each column. Values for intermediate grades 
can be obtained by interpolation. 

EXAMPLE.—An engine district 100 miles long has a 
ruling gradient of 1% in each direction. The freight 
traffic requires 10 daily trains each way. What expendi- 
ture would be justifiable to reduce the ruling gradient to 


TABLE: 4.—Statement Showing Average Percentage Per 


0.8%, with interest rate at 5% per annum? From Table 
7 it is found that it would require only 83% of the num- 
ber of trains to handle the traffic on an 0.8% grade that 
would be required on a 1% grade. This is a saving of 
17%, or 1.7 trains each way per day. By the rule de- 
duced from Table 5 the annual saving would be $0.51 x 
200 x 365 x 1.7 = $63,291. This sum capitalized at 5% is 
equal to $1,265,820, the expenditure justiflable to reduce 
the gradient. 

In the above example the traffic is assumed ag evenly 
balanced both ways. The same value would be 
obtained if the district considered were contin- 
ually rising from one terminal to the other with the same 
ruling gradient, as a reduction of the gradient would re- 
duce the number of engines and cabooses returning over the 
district either light or only partially loaded. From the 
foregoing it will be seen that whatever effort is put forth 
to reduce gradient should be expended in a manner to 
balance traffic as nearly as possible. 

Ordinary changes in ruling gradients do not affect pas- 
senger trains materially except as to fluctuations in 
speed. The number of passenger trains depends but very 
little on ruling gradient and should be left out of the 
question in calculation of values of grade reduction, ex- 
cept where the grade can be reduced to such an extent 
as to entirely abolish the use of helper engine on pas- 
senger trains. In this case the saving can only be fig- 
ured on the basis of reduction of cost of helper engines. 


HELPER GRADES. 

In some instances there exist topographical feature» 
that make necessary a gradient considerably in excess of 
the ruling gradient’on the balance of the district. The re- 
duction of this heavy gradient to the ruling gradient of 
the district might be so expensive as to be impracticable. 
Such grades are operated by a helper engine. This cre- 
ates additional cost, and occasionally the cost is such 
that maintaining the helper grade is a greater annual 
expense than the interest on the cost of reducing the same 
to the ruling gradient, the helper engine having to pass 
twice over the grade for each train assisted. Each case 
must be considered by itself and the most economical 
method of operation should be adopted, the grades being 
adjusted to such method. 

The greatest efficiency in helper engines is secured when 
the helper is kept constantly at work. To secure this ef- 
ficiency the helper grade should be as nearly continuous 
and uniform as possible. rather than with stretches of 
lighter grade between grades where helper is necessary. 
The rate of helper grade should be such as to require the 
full power of the helper engine in addition to that of the 
regular engine to handle the maximum train that can 
be hauled by one engine over the balance of the district. 
This reduces the length of the necessary helper grade and 
consequently the helper engine mileage. , 

For two engines of the same class the combined theo- 
retical tractive power would be double what one engine 
would exert, but in practice it is not safe to assume 
this. A conservative estimate would be that only 90% 
of the tractive power can be available in the helper en- 
gine. This 90% can not be wholly applied to lifting the 
train load, as part of it is required for overcoming resist- 
ance due to the weight of the locomotive. The amount 
used this way varies slightly with the type of engine and 
size of tender, but the following is a fairly accurate 
statement showing ruling gradient for one engine and 
equivalent helper gradient for same train and same class 
helper engine, counting 90° of tractive power of helper 
engine and velocity resistance of 5 Ibs. per ton of train, 
equivalent to 12 miles per hour maintained speed for 
maximum train. 


o————Per cent. 

Ruling gradient, one engine. .0.50 0.60 0.70 0.80 0.90 1.00 
Equivalent gradient, one hel- 

1.09 1.25 1.41 1.58 1.73 1.89 

On some roads of very light traffic it may not be eco- 

nomical to maintain helper engines at points where it 

has been considered necessary to establish helper grades 


Year of Various Classes of Engine Mileage and Per- 


centages of Fuel, Water, Oil, Waste and Engine Sup plies Used by Each Class, with Distribution of Same, 


for the Four Years Ending June 30, 1902. 


Fuel Used Bach Class Service. Water, Oil, Waste and Locomotive Supplies. 
Per Cent. Distribution, Per Cent of Whole. Distribution, Per Cent of Whole. 
Chass or SERVICE. Mileage Per Per 
Each Starting Aver. Aver- 
Case, | ead | 88° | “age | Die | Come | se | | Die 
ing | Starting. Grade. Sources. | Starting. Grade. 
Passenger........ 31.50 | 25 1.25 | 0.75) 2.50 .387 | 5.00} 15.13} 28 1.40 3.08 42 | 5.60) 17.50 
Freight and Mixed.| 40.08 | 46 2.30 | 1.38] 4.60 -69 | 9.20) 27.83; 43 2.15 4.7 64 | 8.60| 26.88 
Trains...... 3.17 4 .20 12 -40 -06 -80) 2.42 4 -20 44 06 -80} 2.50 
elpers. 5.46 | 10 -30 | 1.00 .15 | 2.00} 6.05 8 .40 -§8 -12 | 1.60] 5.00 
Light Engines... 6.38| 3 15 | .30 | 1.81] 5 25 55 | .08| 1.00) 3.12 
Switching......... 13.41 | 12 60 | .36] 1.20 | .18| 2.40) 7.26) 12 60 | 1.32 18 | 2.40] 7.50 
Totes... chee 100.00 | 100 5.00 | 3.00} 10.00 | 1.50 | 20.00)| 60.50) 100 5.00 | 11.00 | 1.50 | 20.00 62.50 


74.75% of total engine mileage. 


Srst three clasres of service are the classes thattotal train mileage is calculated from. Total train mile- 


ater ent. fuel, water, oil, etc., used is based on thestatements of locomotive performance for the four years. 
od _inileage is mileage of actual helping, the returnof helpers being included in light engines. 

a ne “\stribution of the use of fuel, etc., is according tothe theory of Wellington, the percentage used beifg 
"e° somewhat to suit the conditions on Union Pacific.’ 


TABLE 2.—Statement Showing Distribution of Cost of 
Locomotive Repairs on Union Pacific R. R. 


Distribution of Contributing Causes in Per Cont 


Rejatrs 
Ciass oF Chargea Time Getting up) Aver 
Stopp: 
Rach | and Steam and | age Dis 
Expo- Terminal | Curva tance 
Claes. > 
sure, | Work 
31.50) 2.20) 4.73 5.35 0.95 | 4.41) 135.86 
43.26 53.038 | 6.49 | 7.35 1.) 6.0 19.8 
5.46 | 0.38 0.8 | 0.82 6.16 | 2.18; 1.10 
6.38 0.45 0.64 1.08 0.19) OR) 3.70 
13.41 | 0.94 ie 2.4 
100.00 7.00 12.68 27.0 2.60 | 12.96) 37.69 


*Light engine mileage includes return of helper en- 
gines. Only the first two classes enter into train mile- 
age. 


TABLE 3.—Statement Showing Distribution of Cost of 
Car Repairs on Union Pacific R. R. 


Chass of Service Stopptr 
va 
Cen and and ad . 
lance 
Passenger 100 20 i 2 | 2 | % 
Fre he 100 8 20 16 2 20 36 


with a view to future growth. In such cases the engine 
will ‘“‘double’’ the grade, taking part of the load at each 
trip, but where a helper engine can be kept fairly busy it 
would be best to maintain the helper service. Usually a 
helper engine will make a daily mileage equal to the 
average freight engine mileage for the district, or from 
LOO to 125 miles per day. 

The cost of helper engine service depends partly on the 
miles run, but some items are wholly independent of 
mileage. The maintenance of way items will be affected 
the same as for an additional engine to care for a given 
traffic. Wages of engine and roundhouse men for helper 
service are independent of distance; fuel and locomotive 
supplies will be at a higher rate except where engine is 
kept busy; locomotive repairs will mainly depend on mile-~ 
age. There is a wide chance for variation in cost of 
helper engine mileage, and on operated lines where such 
eervice ig maintained the actual cost of maintenance of 
equipment and conducting transportation should be ob- 
tained for use in calculations and added to the estimated 
cost of maintenance of way. The estimate given in 
Table 8 is a conservative one for a fairly busy helper en- 
gine. 

Multiplying these figures by the total helper engine 
mileage or by the total train miles of assisted train will 
give cost per annum for helper service. Dividing this 
cost by the interest rate will give the justifiable expendi- 
ture to reduce the helper grade to the ruling grade of 
the balance of the district. Where it is not advisable or 
economical to reduce a helper grade to the proposed .rul- 
ing gradient for single engine, the line and grades on 
either side should be adjusted so that when the business 


TABLE 5.—Cost Per Train Mile for an Additional Train 
to Handle a Given Traffic. 


tem ITEM | Average tion - 
do. Cost Affect | 
| Per Cent | ed. 4 
| al Train 
1 0.3 | O 
2 Frogs and Switches... 0.35 | 0.18 
3 Protection of River Banks.............. 
4 | Repairs of Roadbed and Track. ‘ 8.33 | 53O 4.16 
5 | Repairs of Snow Fences, etc............-. 0.10 | -0 . 
6 | Spikes and Rail Fastenings.............-. | | 643 
| Superintendence (M. of Way)... | 6.55 0 ; 
| Renewals of Rails....... 2.23 | 1.14 
9 | Renewals of Ties. . 1. 
10 | Rep and Renewals, Bridges and Culverts. .| 1.81 | 5 0.08 
ll Road Crossings, Cattle . 
Guards, etc.........-| 0.32 | 0 
12 Buildings, etc... iw | 6 
13 Telegraph ....... | O15 0 
14 | Stationery and Printing (M of Way)........| 0.01 0 
15 | Superintendence (M. of Equipment)........| 0.63 
16 | Repairs Renewals, Locomotives. ...... 10.19 wii) 7.13 
20 | . oe Machinery and Tools 1.03 35 0.% 
21 «| Stationery. ete (M. of Equipment). 0.80 0 
22 | Superintendence (Transportation).......... 0 
23 | Engine and Round-house Men...... 10.10 7 | 7.38 
24 | Fuel for Locomotives ._.. poets 10.80 75 
25 | Water, Oil, Waste and Supplies (locomo.).... 1.6 75 1.02 
26 | Train Service........ 5.55 100 
27 | Train Supplies and Expenses... . 1.91 72 
28 Switchmen, Flagmen, etc .. 2.36 1,18 
20 | Telegraph Expenses........ 24 
20 | Station Service and Suppl 5.62 20 1.12 
31 | Car Mileage...... 0.61 
32 | Hire of Equipment. 0.04 0 | 
33 | Loss and Damage, etc..... 1.98 % | Lal 
B4 | Advertising. Agencies, etc.... | 4.061 0 
35 | Stationery, etc. (Transportat 0.53 | 1% | 0.40 
31 | General Expenses 4.38 | oO | 
Det j100 00 43.29 
Cost per train mile for additional train: 43.20% of $1.17...... . BH 
Add interest on cost of additional locomotive and caboose per train , 
9 
Total cost per train mile for additional train. 


For each engine going over a district one must be re- 
turned in order to keep power equalized. To reduce train 
mileage it would be necessary to reduce the grade,, so 
that for every train less in one direction there would be 
one less train in the opposite direction; or, in other words, ¢ 
there must be two train miles saved for each track mile 
of engine district. 
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TABLE 6.—Total Weight of Train Between Engine Ten- 
der and Caboose for Various Gradients, for Locomo- 
tive and Tender Weighing 150.3 Tons in Working 


Order; Tractive Power, 35,268 Ibs.; Weight of Caboose, 
17 Tons; Velocity and Frictional Resistance, 6 Ibs. 
per Ton. 
Gradient Weight Gradient. Gradient 
Per Cent. | Per Cent Per Cent | 
| 
0.5 237 (1.1 74 
0.6 im 1.2 ws 
0.7 1596 1.3 935 34 
870 2.0 599 
0.9 1302 1.5 812 


justifies the change it can be without rebuilding any more 
than the portion where the helper grade is located. 


DISTANCE. 


The various items of operating expenses In Table 1 are 
not affected equally by changes in length of line. Some 
are not affected in the least, while others will vary direct- 
ly with increase or decrease in distance. Where the 
change in distance is so small as not to affect the num- 
ber of engine districts or large yards, only the labor and 
material used in main track and intermediate yards will 
be affected. 

Tables 2, 3 and 4 show the per cent. of charges to lo- 
comotive and car repairs and locomotive fuel and sup- 
plies that can be reasonably assumed as due to distance. 
Switch engine mileage will not be affected and helper 
engine service has been considered, so the only classes 
of service to be considered are passenger, freight and 
work trains. 

On very short changes in distance, the wages of engine- 
men and trainmen will not be affected, neither will some 
of the items of maintenance of way. On longer changes 
these items will be affected, and on changes so great as to 
affect the number of stations and sidings still further 
items will be affected. Therefore, changes in distaace 
will be considered under three classes, viz.: 

Class ‘‘A'’—Distances so short as not to affect train 
wages. 

Class ‘‘B’’—Distances affecting train wages, but not so 
great as to affect the number of stations or sidings re- 
quired. 

Class “‘C'’—Distances so great as to affect the number 
of stations and sidings required. 

Table 9 shows the estimated cost per train mile for in- 
crease in distance for each class, from which costs per 
daily train per annum are deduced. Multiplying the 
cost per daily train one way, per annum, by the sum of 
the number of trains in each direction, and dividing this 
product by the interest rate, will give the justifiable ex- 
penditure to eliminate one foot of distance for Class “‘A,” 
or one mile of distance for Classes “‘B’’ and ‘“‘C.” 


CURVATURE. 

No logical value can be placed on the elimination of a 
single curve where the total degrees of curvature are not 
reduced. Where a curve is located in a particularly dan- 
gerous place, requiring a watchman or other additional 
expense for protection, its elimination would have a value, 
but each case would have to be considered by itself. In 
comparing the relative values of two lines, unless the 
curve is particularly dangerous, it is best to consider 
only the value of reducing the total degrees of curvature. 

To get at the value of curvature it will be treated as an 
increase, and the increase to operating expenses noted. 

Average train resistance can be safely assumed as 
about 10 Ibs. per ton. This is equivalent to a velocity 
of about 28 miles per hour on a level tangent. Curvature 
on the Union Pacific is compensated at 0.04% per de- 
gree of curvature (equivalent to 0.8 Ib. per ton of train). 
The resistance on a 12° 30’ curve would be 10 Ibs. per 
ton, hence on a 12° 30’ curve with a level track resist- 
ance would be twice the average. To find the value for 
elimination of a degree of curvature, the addition to oper- 
ating expenses due to one mile of 12° 30 curve with a 
total angio ot onal is considered in Table 10. 


TABLE 8. _Estimated Cost of a Helper Engine Mile in 
Per Cent. of Cost of a Normal Train Mile. 


< ls a} Propor- Cost per 

tion Helper 


ITEM. | Average |ASeet-| 
No. Cost 

ed Mile 

wer Cant Per Cent 

2 | Frogs and Switches 0.35 | 0.18 

4 | Repairs, Roadbed and Track.......... 8.33 SO | 4.16 

6 | Spikes and Rail Fastenings................ 0.86 | 0.8 

8- 9 | Renewals of Rails and Ties............... 5.29 wD 2.64 

10 | Repairs and Renewals, Bridges and Culverts./ 1.81 5 0.08 

16 | Repairs and Renewals, Locomotives 10.19 75 | 7.64 

23 | Engine and Round-house Men..... 10.10 rb) 7 

24-25 | Fuel, Water, etc., Locomotives... .. 12.16 7 9.2 

28 | Switchmen, Flagmen and Watchmen. -| 2:38 } 1.19 

29 Telegraph 2.4 20 | 0.49 


Cost per helper engine mile, 33.52% of $1.17......$0.392 
Add interest on cost of engine, Senger cost per 
Cost par helper engins-tile per annum, $0.402 x 365 =— 
As helper must run light on return trip, the cost of 
helper service per train mile assisted train per annum 
would be $146.73 x 2 — $293.46. 


TABLE 17.—Table Showing Per Cent. of Train Necessary to 


to Handle a Given syeiiie with Single En 


dients Are Changed from ‘Those in First Column to Any Other Given Cradient Sin Gra- 
pe Proposed Gradient, Per Cent., with Per Cent. of Trains to Handle same Traffic as on Original Grad.-- 
Reduced, 
ver Cent. | +0.4|-+0.5| +0.6|+0.7| +0.8|4+0.9} 41.0) 1.1) 41.2) 41.3} 41.4/41.5/41.6] 417/418 

2.0 | 26 | 30 | | 38 | a2 | 46 | ct | 55 | | | | mis | 

1.9 | 27 | 31 | 36 | 40 | 44 | 49 | St | 58 | | 73 | | 89 | 95 | 

1.8 | | 33 | 38 | 42 | 47 | | 57 | | | 72 | 83 | | | 100 

1.7 | 31 | 35 | 40 | 45 | So | 55 | | | | 77 | 82 88 | | 100 

1.6 | 33 | 37 | 43 | 48 | 53 | 50 | 6 | 7% | 76 | 82 | 88 | 94 | 100 

1.5 | 3 | 40 | 46 | 51 | 57 | 63 | 68 | % | 81 | 87 | 98 | 100 

1.4 | 37 | 43 | 49 | 55 | 61 | 67 | 73 | 80 | 8 | 93 | 100 

1.3 | 40°| 4 | 53 | 3 | 6 | 72 | 7% | 86 | 93 | 100 

1.2 | 43 | 50 | 57 | 6 | 1 | 7% | 85 | 92 | 100 

1.1 | 47 | | ot | oo | | 88 | 92 | 100 | 

1.0 | 51 | 59 | 67 | 7 | OL | 100 

o | 55 | 6 | 73 | 8 | 91 | 100 

0.8 | 61 | 7 | 80 | 90 | 100 

0.7 | 68 | 7 | 89 | 100 | 

0.6 | 7% | 88 | 100 

0.5 | 87 | 100 | | 

0.4 | 100 


Tables 2, 3 and 4 show the average per cent. of charges 
per train mile against passenger, freight and work trains 
due to average curvature, but for a train mile having 660° 
of curvature there is 40 times the average amount. 

Multiplying the cost per daily train one way per de- 
gree, per annum, by the sum of the number of trains in 
each direction, and dividing this product by the interest 
rate, will give the justifiable expenditure to eliminate one 
degree of curvature. 


RISE AND FALL. 


In considering the value of Rise and Fall it will be di- 
vided into three classes, as given by Wellington: 

Class ‘‘A’’ includes all cases where grades are so light 
or so short as not to require the use of brakes or varia- 
tion in the working of the engine. 

Claas ‘‘B’’ includes all cases where grades are such as 
to require shutting off steam in descending, but are not 
long enough to require application of brakes to prevent 
exceeding the maximum safe speed. 

Class “C’’ includes all cases where grades are so 
heavy as to necessitate not only shutting off steam, but 
the application of brakes in descending. 


One foot up and one foot down is called one foot of rise 
and fall. It will be seen in considering velocity and vir- 
tual grades that the number of feet-rise and fall for any 
particular class will vary with the actual grade, the speed 
of approach and the controlling grade of line under con- 
sideration. To get at the true class a virtual profile 
should be worked up for each line. For estimating pur- 
poses the following limits for the divisions will be 
adopted: 

Class ‘‘A:’’ All rise and fall up to 30 ft. This class of 
rise and fall adds so little to the operating expenses that 
it need not be considered in comparing value of lines. 

Class ‘‘B:"’ All rise and fall of over 30 ft. on grades of 
less than 0.6%, since the maximum velocity that can be 
attained on a 0.6% grade by a train dropping of its own 
weight is about 32 miles per hour, for at this velocity 
the train resistance just equals the force of gravity. Ow- 
ing to the fact that curves may be located near the bot- 
tom of grades, the maximum safe speed will be considered 
at about 30 miles per hour. On grades of 0.6% and over, 
the following figures show the approximate distances trains 
would run with steam shut off and with initial speed of 10 
miles per hour before reaching 30 miles per hour speed, 
the distance run being given in stations of 100 ft. 


Per cent. 
Gradient .. —0.6 —0.7 —0.8 —0.9 —1.0 —1.25 —1.50 


Stations. 
Distance ... 170 100 73 wot 48 33 26 
Total drop.. 


Feet. 
102 70 58 51 48 41 38 

On above gradients all rise and fall of over 30 ft. and 
up to above total drop belong to Class ‘‘B.” 

Class ‘“‘C:"’ All rise and fall on grades of 0.6% and over 
in excess of total drop given in above statement. 

The average resistance of a train is about 10 Ibs. per 
ton of train, equivalent to the resistance on a level tan- 
gent at a velocity of 28 miles per hour. The resistance 
due to grade alone on a 0.5% grade is 10 Ibs. per ton. 
Therefore, the total resistance on a mile of 0.5% grade 
is double the resistance on one mile of level tangent. To 
get at the value of rise and fall it will be assumed that 
there are two miles of tangent, the first mile having an 
ascending grade of 0.5% and the second mile a descend- 
ing grade of the same rate, the two miles containing 26.4 
ft. of rise and fall. Table 11 shows the estimated addi- 
tional cost per train mile due to this 26.4 ft. of rise and 
fall from which values are deduced for one foot of rise 
and fall of each class. 

Additional cost per train mile due to the rise and fall: 


Class “‘B”’ 3.38% of $1.17 equals $0 0396. 
Class “C”’ 7.13% of $1.17 equals $9.0834. 


If the rise and fall is on gradients equal to or in ex- 
cess of the ruling gradient, add 3 cts. per train mile to 


above for wear and tear of rolling stock and tra 


mak- 
ing Class ““B” 6.95 cts., and Class “C” 11.24 «ts per 
train mile. Additional cost per annum of one foot +\<¢ ond 


fall, per daily train, one way: 
On Minor Grades. 


-0395 x 365 
Class ‘‘B”’ = $0.55 
26.4 
0834 x 365 
Class ‘‘C’’ = $1.15 
26.4 
On Ruling Grades. 
-0695 x 365 
Class ‘“‘B”’ = $0.96 
26.4 
-1134 x 365 
Class ‘‘C’’ = $1.57 
26.4 5 


Multiplying the abov» costs per foot of rise and fall 
by the total number of trains in both directions, and di- 
viding by the interest rate, will give the justifiable ex- 
penditure to eliminate one foot of rise and fall. 

In using the values for elimination of rise and fall, the 
engineer must bear in mind that rise and fall for heavy 
freight trains may lie in Class ‘“‘B’ or ‘“‘C,”’ while for 
passenger trains it may lie in the less expensive class, 
owing to the higher velocity allowed passenger trains. 
This is best determined by platting the virtual grade line 
for each class of train. 


TABLE 9.—Effect on Operating Expenses ot Changes in 
Distance. 
Class ‘‘A.”’—Distances so short as not to affect wages of 
engine or train men. 
Class ‘‘B.’’—Distances affecting train wages, but not re- 
quiring additional side tracks. 
Class “‘C.’’—Distances so great as to require additional 
side tracks and station. 
Cost per additional train mile of each class: 
Class ‘‘A,”’ 32.10% of $1.17 = $0.3756. 
Class “B 45.94% of $1.17 = 
Class ‘‘C,’’ 59.05% of $1.17 $0.6909. 
The additional cost per annum per daily train one way 


would be: 
0.3756 x 365 
Class 


foot of distan 

Class ‘‘B,”’ $0.5376 x 365 =— $196.19 for each additional 
mile of distance. 

Class ‘‘C,’’ $0.6909 x 365 =— $252.18 for each additional 
mile of 


= $0.026 for each additional 


Proportion 
Normal 
hem Aver- | Whole Affected. | n 
ITEM aze file, Per Cen 
No. — 
Per | 
Cent. | A A 
0.28; 95 95 | 0.27 7 
2 | Frogs and 35 
3 | Protection of River ks. oe 03 | 100 | 100 100 10.03 0.05 3 
4 Repairs, fed Trac! 33) 90 90} 95) 2 
5 J now 10 | 200 | 100 | 100 | 0.1 ie 
6 | Spikes and Faste: 86) 90} 90} 95) 82 
7 | Superintend 55 0 0 
8 wails 90| 95) 2.05 217 
9 of Ties. 01} 90) 1 2.56 
10 | Rep. and § 
1.81 © | 100 | 100 1 161 
ll and Renewals. Road Crossings, j ' 
rattle Guards, etc... 0.392 0.90 
12 Rep. acd Renewals, Baiidines ‘ete: 99 0; BO}... 
13 Teleg: 15] 60/ 75/009, 
14 | Stationery and Printing or Way 90} 95 | 0.01) a 
15 63 0 0}.. 
16 | Rep. and Renewa' Locomotives. 20:19] $3] $3] 44| 9.36) 35° 445 
° 0.51} 36) 36) 66 | 0.15) +4 
20 Machinery. ete 03) 84/ 0.35 ¢ A 
21 | Stationery. ete (M. of Equipment). 80} 34] 49/ 0.27 39 
22 | Superintendence (Transportation) . 50 0 0 0 788 
23 | Engine and Rcund-house Men...,.. 10.10). Of 7 
24 | Fuel for Locomotives 10.60} 45) 45 4.86, + ba 
25 | Water, ete., for Tocomatives: 36) 45) 45) 55) 0.6) 
26 | Train Service.. 55) 4.16 
27 Supplies and Rxpences. 91 | 0.95 
28 | Switchmen. Plagmen, etc 36 % 60}... 
29 | Telegraph Fxpenses... 20} 20; 20/049 04 
30 | Station Rervice and Suppites. 62 0 
B1 | Car Mileage...............-. © 61] 100 | 100 | 100 | 0.61) © a 
32 | Hire of Kquipment....- 004 0 0 0 
83 | Lossand Damage, etc.... .. 1.88) 75) 75) at 
Stationery, et (Transportation 
‘Taxes. . 5664+) 50} 50} 2.82) 25) 45! 
37 eneral Expenses .. 4.98 0 0 |..... 
Total, Per Cent... 99.00 


| | 
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it! 
ih 
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|. Bffect on Operating Expenses of One Mile 


TABLY Curve. (Total angle 600°.) 
= | 
Norma! |Propor. Addition 
Average | tion | to 
Cost, | Affect-| Curva 
Per Cent} ed. jPer Cent 
= 0.28 | 50 | 0.14 
1 0.% is 
3 8.33 50 4.0 
‘ 0.10 
0.86 | 100 | 0.86 
Renewals, Bri and Culverts... 
con ery and Printing (M. of Wa om) 
15 otendence ( M. of Equipment)... 0.63 
6 and Renewals, Locomotives....... +} 10.19 90 9.17 
16 a Passenger Cars...... 2.07 80 1.66 
Byeight Cars.......< 5.32 | 80 | 4.25 
4 «Work 0.51 | 80 | 0.41 
4 “ “ Machineryand Tools} 1.03 | 85 | 0.88 
joonery, ete. (M. of Equipment)......... 0.80 0 
So | (Transportation)... 1.50 
33 | Engine and Rownd-house Men...... 10.10 
54 Fuel for 10.80 | 45 | 4.86 
Warter. Oil, Waste and Supplies, Locomo....; 1.36 45 0.61 
1.91 | 0 
2.36 
2.44 | 0 
0 
Hire of Equipment... 
4 Loss and Damage, | 0 
34 | Advertising, Agencies, @tC.........+ 4. 0 
35 | Stationery, ete. (Transportation). .., 0.53 0 
37 | General 4.38 | 


Where curvature is compensated for grade, the increase 
for fuel, water, etc., will be cut out, making the increased 
cost for the one mile of curvature 29.88%. 

Additional cost for the train mile on 12° 30’ curve: 
95.35% of $1.17 = $0.4136 for uncompensated curvature. 
29 88% of $1.17 = $0.3496 for compensated curvature. 

Cost per degree, per daily train, per annum: 


4136 x 365 
= __—— = $0.23 for uncompensated curves. 
660 
0.3496 « 365 
____——— = $0.19% for compensated curves. 
660 


TRAIN RESISTANCE. 


There are many formulas for train resistance, giving 
widely different results. In a number of experiments con- 
ducted by Wellington it was found that, at a given ve- 
locity, the resistance in pounds per ton of train varied 
with the type, load and number of cars in the train, or 
that, in two trains of the same gross weight but with a 
different number or type of cars, the resistances will be 
different at the same velocity. 

Wellington’s formula for resistance in pounds per ton 
for loaded trains is ag follows: 


ve 


R = Resistance in pounds per ton; V == Velocity in 
miles per hour; N = Number of cars to train; W = Weight 
of train in 2,000-lb. tons. 

The first term represents the journal and rolling fric- 
tion, the second term the resistance due to oscillation and 
concussion, and the third term atmospheric resistance. 

Recent experiments by the Pennsylvania Railroad would 
indicate that this journal resistance is too high for mod- 
ern cars having a gross weight of 30 tons or more. A 
modern coal car with 40 to 50 tons of coal will not have 
a journal friction of more than 2% Ibs. per ton, while the 
same car empty will have a journal friction of about 5 
lbs. per ton. As trains are made up varying in amount 
of weight per car and number of cars, an empirical for- 
mula for resistance is given by Wellington which is gen- 
erally used in the calculation of resistance in computing 
tonnage for a given tractive power. This formula is 

v2 
Rw44 


This formula gives a value for the re- 


sistance which is conservative for the average train at 
velocities from § to 35 miles per hour, although many 
recent experiments would indicate that the resistances at 
the higher velocities are not so great as the formula 
would indicate. For the purposes used herein the for- 
mula gives a “factor of safety,”’ as any revision of grade 


TABLE 12.—Mean Effective Pressure in Cylinders in Per 
Cent. of Boiler Pressure for Various Piston Speeds in 
Feet Per Minute. 


Piston | Piston 

2 | 85.0 | 600 | 2.0 | 0 | 43.5 || 1000 | 31.6 
= | | 58.0 goo | 40.7 1050 | 29.8 
_* | 6.4 | 46:5 || 950 | 33.6 |} 1200 | 26.0: 
Below 250 ft., the is about 


pressure 
‘s probably a slight increase on starting. 


the train gets under motion. 


in which this formula is used in constructing a virtual 
profile can be operated with greater ease by a train in 
case the resistances are less than those given by the 
formula. 

When trains have been standing still for several min- 
utes, the starting resistance is as high as 18 or 20 lbs. 
per ton of train, but this resistance rapidly decreases as 
In case the ruling gra- 
cient of a district is very light, the maximum train load 
may be limited by this starting resistanee, but the en- 
tire mass of the train is not started at the same instant, 
owing to the spring of the couplings, so that the grade line 
at a station need not be adjusted to the full amount that the- 
ory would indicate in order to facilitate the starting of 
trains. Where practicable, it is advisable to make the 
gradient through the station grounds, and for a train 
length outside of the switches, at least 0.4% less than the 
ruling gradient. 

In addition to the velocity and frictional resistances 
there is grade resistance. This, expressed in pounds per 
ton of train, is 20 times the rate per cent. of grade. 

The total resistance to be overcome would then be rep- 
resented by the formula: 


2 
R=4+ 


+ 20 times rate per cent. of grade. 


TRACTIVE POWER OF LOCOMOTIVES. 


Cc?xPxSs 
Formula: Tractive power = 


C = Diameter of cylinder in pt. 

P = Mean effective pressure of steam in cylinder. 
S = Stroke of piston in inches. 

D = Diameter of drivers in inches. 

Tractive power can never exceed adhesion, however, and 
maximum adhesion should never be considered as more 
than 25% of weight on the drivers. This will seldom be 
developed except in starting and by using sand. Where 
rail is dry adhesion can be safely estimated at 22%% of 
weight on drivers, but where frosty or wet it should not 
be estimated as greater than 20%. Well designed loco- 
motives will develop a tractive power equal to this rate 
of adhesion at 10 miles per hour velocity. Bulletin No. 1, 
American Railway Engineering and Maintenance of Way 
Association, shows the results of a series of practical ex- 
periments and tests in connection with locomotive trac- 
tive power made by the Southern Pacific Company. In 
this work is shown the average mean effective pressure 
per square inch of cylinder in per cent. of boiler pressure 
for various piston speeds. Table 12 shows the-drop in 
M. E. P. as piston speed increases, as shown on the curve 
adopted as a safe pressure for estimating tractive power 
in simple locomotives. 

From the table it can be seen that tractive power de- 
creases as speed increases. This decrease in tractive 
power for velocities expressed in miles per hour is not the 
same in all locomotives and diameters of drivers. Con- 
sidering tractive power as 100% at 10 miles an hour ve- 
locity, the decrease in power as velocity increases will be 
the same for locomotives having the same ratio of diam- 
eter of drivers to stroke. Table 13 shows the reduction 
in tractive power in some of the modern Union Pacific lo- 
comotives. 

Table 13 is calculated from Table 12, the piston speed 
for each velocity in miles per hour being first ascer- 
tained and the mean effective pressure in per cent. for 
each piston speed taken from the table. Then for the vari- 
ous train velocities the tractive power would vary di- 
rectly with the per cent. of M. B. P. 


MAXIMUM TRAIN LOAD. 


Economy in operation of a railroad demands that lo- 
comotives be given the maximum load that can be hauled 
up the ruling gradient at a given rate of maintained 
speed. This rate of speed will vary with the character 
of the service, but should never be considered less than 
10 miles per hour. The gross train load that can be 
hauled by a locomotive is ascertained by dividing the 
tractive power of the locomotive at the given rate of 
maintained speed by the total resistance in pounds per 
ton of train. 
engine and tender. Subtracting the weight of engine and 
tender from the gross train load gives weight of train 
behind locomotive. 

SUMMARY. 

Before beginning work on a new location the chief en- 
gineer will indicate the character of the proposed line, 
probable volume of traffic expressed in tons and trains 
per day, and the size and tractive power of the locomo- 
tive to be used. For the field engineer the following 
approximate formulas are introduced and the values 
given for reduction in gradient, distance, curvature and 
rise and fall. 

For general purposes the tractive power of a locomo- 
tive can be considered at 20% of the weight on drivers at 
a velocity of 10 or 12 miles per hour, although with fair 
weather conditions a well-designed locomotive should de- 
velop a tractive power of 22%% of the weight on drivers 
at 10 miles per hour. . 

Assuming 6 Ibs. per ton velocity and frictional resist- 
ances as a fair average for slow and fast freights, with 
grade resistance 20 times the rate per cent. of grade: - 


This gives the total tons of train, including ° 


TABLE 11.—Effect on Operating Expenses of One Mile 
Containing 264 ft. of Rise and Fall. 


| Propertionef | Additional 
Norms! | whole =| Cost for 26.4 
ITEM pAverage) fected, Feet Rise and 
No | Cost, | [Fall, Per Ceat. 
\Per Cent ‘a 
\Ciass BiClass C/Class © 
1 | Bat } O28 | ool 
2 tohes |} 038 | of; oO 
3 | Protection of River Banks | 0.03 
4 | Repairs of Roadbed and Track 633) 0 | 5 0.42 
| Repairs of Snow Fences, ete 0.10 | 
6 | Spikes and Rail Fastenings 0.86 | 10 0.04) 0.08 
| Superintendence (M. of Way)..........) 0.85 0 o 
9 | Renewais of Ties | 018 
10 | Rep and Renewals, Hri@gesand Culverts; 161 | O | 
il Road Crossings, Cat j } 
tle Guards, ete......] 0.32 
12 Bulldings, ete 1.99 | 0 
13 « egraph | 0.15 
14 | Stationery and Printing (M. of Way)...| 0.01 o o | 
15 | Superintendence (M. of Equipment) 0.63 | 
16 | Repairs and als, Locomotives | 10.19 | i 4 010; Oat 
17 ssenger Cars| 2.07 | 1 4 0.02; 0,08 
18 “ Freight Cars....| 532 | 1 | 4 0.06} O21 
19 Work Cars 0.61 | i 4 001) 
20 Machinery and | | | 
Tools 1.08 1 4 O01 | 004 
21 | Stationery, etc. (M. of Equipment) } O80 | o 0 
22 | Seperintendence ( Transportat? 160 | 
23 | Engine and Round-how 10.10 | O 
= Fuel for Locomoti 1080 | 25 | 48 | 2.70 45 
26 | Waste, Oil, Water and Supplies, Locomo. 1.36 | 2 | 45 034) O61 
26 Train Service 655 | | 
27 | Train Supplies and Expenses 1g | o 
28 | Switenmen, Flagmen, etc 206; Oo 
20 | Telegraph Expenses | | 
80 | Station Service and Supplies 5.62 
al Oar Mileage 0.64 } 
32 | Hire of 0.06 oj; 
33 | Lossand Damage, etc... 1.86 
34 | Advertising, Agencies, etc. | 4.66 | 
85 | Stationery, etc. (Transportation ).. | oss 
36 | Taxes | 5.64 0} 
37 | General Expenses......... | 4.38 
Total, Per Cent....... {100.00 | 713 


Tons weight of train, including 
Tractive power 


= ———_———-—. In using this formula for estimat- 
6 + 20 (% grade) 


ing the number of trains necessary to handle the ton- 
nage, the weight of freight may be considered as % of 
the weight of train exclusive of the locomotive. 

GRADIENTS.—A reduction of gradient on an engine 
district 100 miles long, so as to require one less daily 
train in each direction will result in a saving of $37,230 
per annum. For other lengths of district, or a greater 
reduction in the required number of trains, the saving in 
operating expenses per annum will be in direct propor? 
tion to this. Any reduction in length of helper grades, 
or other change that will eliminate one helper engine of 
the same size as the standard road engine, will result in 
a saving of $14,673 per annum, providing the helper en- 
gines average 100 miles per day. For other average daily 
mileage of helper the saving can be estimated as directly 
proportional to this. 

DiSTANCE.—A saving in distance will result in the 
following savings per annum per daily train one way: 

Class ‘‘A.’’—Distances so short as not to affect wages 
of engine or train men, 2.6 cts. per ft., or $137 per mile. 

Class ‘‘B."’"—Distances affecting train wages, but not 
affecting the number of side tracks required, 3.7 cts. per 
ft., or $196 per mile. 

Class ‘‘C.'’"—Distances so great as to affect the number 
of side tracks required, 4.8 cts. per ft., or $252 per mile. 

CURVATURE.—The elimination of one degree of curv- 
ature will result in a saving per annum per daily train 
one way: Uncompensated curvature, 23 cts. per degree; 
compensated curvature, 1914 cts. per degree. 

RISE AND FALL.—The elimination of one foot rise and 
fall will result in a saving per annum per daily train one 
way as follows: 

Class ‘‘B.’’—Where grades are such as to require shut- 
ting off steam in descending but not to require the appli- 
cation of brakes: On minor grade, 55 cts. per ft.; en rul- 
ing grades, 96 cts. per ft. 

Class “‘C.’’—Where grades are so heavy as to require 
the application of brakes: On minor grade, $1.15 per ft.; 
ruling grades, $1.57 per ft. 

These values are sufficiently close for the locating en- 
gineer to use in comparing the various lines, a final and 
more careful comparison to be made in the office of the 
chief engineer. 


engine and _ tender 


TABLE 13.—Showing Reduction in Tractive Power of 
Union Pacific Freight Locomotives, the Tractive Power 
at 10 Miles Per Hour Being Considered Equal to 1. 


Drivers, 56” 62” 50” 56" 
Velocity, M. 
10 1.000 1.000 1.000 1.000 | 1.000 
ll 970 968 
12 941 99 | 926 
13 931 912 904 
“4 -903 873 * 
15 816 843 
17 825 -802 .166 
18 -800 149 
19 176 .133 104 
20 -152 706 B13 
21 .728 -701 606 643 
24 657 629 590 
25 006 1581 06 42 
26 -613 584 559 AS 522 
2 523 41% 456 
30 534 482 468 AMG 
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A UNIQUE CASE OF SHORING WORK ON A NEW YORK 
TELEPHONE BUILDING. 


In building construction there is frequently re- 
quired practical engineering of the highest order 
—often the invention of novel methods. A case 
in point is that illustrated herewith, in which a 
brick and iron building was swung up from over- 
head rather than shored up from be!‘ow, in order 
to remove certain parts of its wal's. 

In ordinary shoring, in rem>ving walls sup- 
porting tiers of beams, the beam-loads, if great, 
are carried on uprights which must run down to 
the solid earth. Where loads are light, bearings 
may be distributed over a large area and a so!l 
foundation does not become necessary. In the 
present case neither a distribution of bearing nor 
the ordinary upright support could be applied, on 
account of the floor loads and the character of 
the business which had to be carried on contin- 
uously in the building. Perhaps no kind of bus- 
iness or building would be encountered by a con- 
tractor that would present more difficulties than 
those met with in a telephone building. The 
numerous wires entering the cellar of a central 
station, their running up to the several stories, 
their distribution close to walls and under the 
floors to scores of operators, the need of protec- 
tion from noise, dirt, rain and the usual concomi- 
tants of building operations, make an altera- 
tion in a telephone central station one of tare 
difficulty. 

The “Madison Square” station of the New York 
Telephone Co., located at No. 30 East 29th St., 
New York, N. Y., had become too small for its 
increasing business, and about a year ago plans 
were made by the architect, Mr. C. L. W. Ejidlitz, 
of New York, for enlarging the station by building 
an addition on the lot adjoining to the east. The 
existing structure was 25 ft. wide and about 80 
ft. deep, with three floors above the ground floor, 
The addition was to be of the same size,and it was 
desired to unite the two halves into a single build- 
ing, by removing the east wall of the existing 
structure. Further, one story was to be added to 
the height of the building. The work thus in- 
volved the problem of supporting the floors of 
the old building along the east wall while this 
wall was being removed, and placing ;‘iitable col- 
umns along this line to carry the floors .f the «n- 
larged bu'lding. 

The difficulties of shoring up the floors in the 
usual way were soon found to be so great as to 
make ordinary methods impracticable; and though 
the plan adopted was much more expensive to 
the contractors, it was decided upon as the 
only one at all _ feasible. Most of the 
cable-work in the building was carried up along 
the east wall—the one to be removed—and 
th: main switchboard extendel so close to this 
wall thet no recom was left for shoring. The work 
required to be carried on in such a manner as to 
not interfere with the operation of the exchange. 
The responsibility for devising a secure iactlLod 
of doing the work fell on the contractors, Messrs. 
D. C. Weeks & Son.* Mr. F. M. Weeks, the senior 
member of the firm, proposed the method which 
was actually employed; the execution was left to 
the junior member (and general manager) of the 
firm, Mr. H. T. Weeks. 

Advice, for confirmation of the idea, was sought 
of a number of engineers but frcm none could a 
fuller endorsement be had than that it was “a 
nice scheme and possibly might be safely worked 
out.” It may be stated in advance that the 
scheme worked to the greatest satisfaction; not 
the slightest mishap occurred, or the smallest 
crack during its execution or subsequently from 
settlement. The building is now about completed 

The perspective. view, Fig. 1 and the sectional 
elevation Fig. 2, illustrate the work clearly. Two 
enormous tripods were used to carry the overhead 
supports. One tripod was placed on the front 
area wall, inside and near the line of the wall to 
be removed, and was 56 ft. 9% ins. high measured 
vertically; the other ran to the bottom of the s:d2 
wall foundation near the rear end of the wall to 
be removed, and, including itsconcrete foundation 
2 ft., was within 4-in of 70 ft. high. With one end 


*This firm, it may be noted, is the oldest concern in 
building work in New York City, having been established 
in 1840. 


bearing on the top of the latter tripod, there were 
placed transversely over the old building two 
yellow pine girders, the other end of which was 
placed on a timber stretcher resting on the west 
wall, which was not to be disturbed. On the top 
of these wooden girders, and running longitud- 
inally with the old building and near the inner 
side of the wall to be removed, were placed the 
rear ends of two pairs of large I-beams whose 
front ends rested on the top of the first mentioned 
tripod. Across these two pairs of I-beams were 
placed nine pairs of short 8-in. I-beams and on 


| 


Vol. LI. 

wooden wedges while underneath , 
were iron plates on which bore th. gp 
suspension rods. 
The turnbuckles, the nuts and ; re 
being in. place, the beam ends w-, Pn 
leaving the beams stilt en the wa)).. 


tier at a time, beginning at the to) 
loads were ‘thrown by the screws ' 
great overhead I-beams. The wei): 
per tier having been raised an eight! 
the next lower tier was put on the uy 
This caused a deflection of the hea 


2B lexlex)"W.I. PIs 


FIG. 1. PERSPECTIVE VIEW OF ARRANGEMENT OF TRIPODS AND GIRDERS FOR SUSPENSION 
OF MADISON SQUARE EXCHANGE, NEW YORK TELEPHONE CO. 


top of these nine pairs of bearing plates. Through 
these latter ran nine 2-in. wrought iron rods with 
turnbuckles between all the tiers of beams to be 
supported; the rods were about 41 ft. 3 ins. long 
over all. The rods were placed at irregular inter- 
vals to make necessary clearanc?s, in some cases 
down between the closelyset chairs of the operator 
girls. The view, Fig. 3, shows clearly the rela- 
tion of tripods, I-beam girders and suspension 
rods. A view from the rear of the new building 
site is shown in Fig. 4. 

Beneath, and crossing each tier of beams, were 
placed bearing timbers, enough space being left 
between each beam and timber to take pairs of 


bearing overhead and necessitated the raising of 
the screws of the upper tier which, having again 
been cleared from its wall bearings and the sec-nj 
tier being cleared from its bearing, the third was 
in like manner raised and the upper two a‘justed 
as before. When finally ail the weights were 
thrown on their proper bearing and thus stood, 
being carefully watched, for a couple of da)s, the 
taking down of the wall was started. It may be 
mentioned that the gradual catching of the ams, 
as explained, prevented all cracking of © lings. 
A leveling board fastened to the ends ©! the 
overhead timbefs as shown -in the photograrh, 
Fig. 5, showed the deflection, which was con- 
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tched. It was found that the two yel- 
~ipders deflected 1%-in., while the four 

ms did not appreciably deflect. Jt was 
. that after the loads were fully caught 
was no further deflection, hence no 


-upport of the 24-in. beams, thereby to 
cht degree cantilevering them and ac- 
+o that extent for there being no deflec- 
m. But the main reason for this rigid- 
. in the fact that a very large and, as 
oved, unnecessary factor of safety, 
0, was used. 
all the tearing down, most unusual pre- 
- were necessary to secure the building 
-torms, dirt, ete. The beam ends were 
‘cht up by a girder and columns on the 
r and girders without columns on the 
rs and then the shoring appliances wer, 
i inversely as set up. 


THE ORIGINATOR OF THE HUDSON RIVER TUNNEL. 
, correspondent appeals to us to rescue from the 

oblivic » into which it seems to have fallen, the 

ne of the man who originated the idea of con- 


Sas New York City with New Jersey by means 
of a tunnel under the Hudson River. This man 
was the late Dewitt C. Haskin, the President and 
Manager of the Hudson Tunnel Railroad Co. in 
1874, and to whom patents were later granted for 
the method of carrying forward the work by the 
use of compressed air. 

To briefly give the early history of this enter- 


prise, it may be said that in 1874 the above-named 
company was organized under the general railroad 
laws of New York and New Jersey, with a capi- 
tal of $10,000,000. As originally planned—and 
now practically carried out, the main tunnel under 
the river was to be 5,500 ft. long, made up of two 
parallel cylindrical tunnels, each 16% x 18% ft. 
diameter. Actual work upon the New Jersey 
shaft was commenced in November, 1874, but on 
Dec. 15, 1874, the work was stopped by an in- 
junction obtained by the Delaware, Lackawanna 
& Western R. R. Co., and it wds not resumed 
until September, 1879. 

On July 21, 1880, a “blow out” occurred at the 
New Jersey shaft, causing the loss of 20 men by 
drowning, including Peter Woodhull, the Assistant 
Superintendent, who heroically lost his life in at- 
tempting to save his men. In November, 1882, 
work upon the tunnel was stopped for lack of 
funds, with 1,550 ft. of the north tunnel completed 
and 570 ft. of the south tunnel constructed. The 
water was permitted to flood the tunnel. Work 
was again commenced at a somewhat later date 
and again suspended in September, 1887, with 
1,840 ft. from the New Jersey side and 300 ft. from 
the New York side driven. In 1889 an English 
company undertook to complete the work. They 
employed Sir John Fowler and Mr. Benjamin 
Baker—later, Sir Benjamin—as Consulting En- 
gineers, and let a contract to L. Pearson & Son, 
the same great English contracting organization 
which ‘has just received the contract for the East 
hiver tunnels of the Pennsylvania R. R. Mr. 
Haskin was still connected with the work. 
These engineers substituted a cast- 
iron shell, 20 ft. in diameter, and a thinner brick 
lining, for the 14-in, boiler-plate shell and 24 ins. 
of brickwork, originally employed. A shield was 
also now constructed from the plans of Sir Benja- 
min Baker, was built by Sir Wm. Arrol & Co. at 
Dalmardock, Scotland, and erected in the tunnel 
in 1890. About the middle of 1891 work was again 
Stopped on the tunnel from the lack of funds, with 


about 3,700 ft. of. the north tunnel finished; and_ 


though a number of attempts were made to reor- 
ganize the company, nothing further was accom- 
plished until the present company undertook to 
complete the work, under Mr. W. G. McAdoo as 
President, and Charles M. Jacobs as Engineer. 
At the present date the north tunnel is through 
from side to side of the river, and work has com- 
menced on the land approaches; the south tunnel 
has yet to be completed. 


“babi as to Mr. Haskin’s connection with this 
Mr. Haskin is entitled to all the credit 
or 


aving first promoted this scheme for tunnel- 


+» noticed that one of the rods overhangs . 


ing the Hudson River, and he devoted sixteen 
years of his later life to pushing this project 
toward a successful completion. But he was thirty 
years ahead of his time, and the failure cof his 
effort was not through any fault of his own. He 
built enough of the tunnel to show that the 
scheme was feasible, but the project was of too 
unprecedented a nature to invite sufficient capital. 

Mr. Haskin filed an application for a patent for 
“an improvement in the construction of tunnels” 
on Jan. 31, 1883, but he claimed that the invention 
was older and that he had 
practically tested his 
plan in 1880 in the con- 
struction of the Hudson | 
River tunnel. And he fur- | 
ther claimed that prior 
to his invention no mode ; 
of erecting 
loose mud and sand under 
the beds of rivers had 


tunnels in | zal 


Beach built a short section of a tunnel with a 
shield in New York about 1870. As a matter of 
fact, the Hudson River shield was designed by 
Sir Benjamin Baker in 189, and was similar to 
one previously used by him on the Humber. Mr. 
Greathead, of the new Thames and other London 
tunnels, is entitled to credit for making the shell 
of the tunnel a continuous series of cast-iron 
rings; for providing means for injecting cement 
grout outside the rings, and for other decided im- 
provements in this method of tunneling. 


4,24" T§ 80 Ibs. 


been known, except “by 
the use of expensive 
shields 
Though we have no copy 
of Mr. Haskin’s patent at 
hand, it would seem that 
he claimed priority for 
the use of metal plates / 
bolted together so as to Xs 
form a roof over the ad- iss 


— 


vance heading of such a | 
subaqueous tunnel; these ‘a 
plates being in a measure Lb ol 
supported and the maie- = 
rial held by compressed | 
air. In 1886 sued 
parties for infringing upon | } 
his patent, but the suit } | 
failed for the good reason | 
that similar plates—em- } | } 
ployed vertically or at an a 
angle, however, instead | 
of horizontally, had long | | 
before been used in erect- | | | 
ing bridge piers by the 
pneumatic process, and in peak 
1869 Barlow and Great- | | 
head introduced cast-iron | | 
rings into the construc- | 
tion of the Tower bridge 
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FIG. 2. SECTIONAL ELEVATION OF MADISON SQUARE EXCHANGE, SHOWING SUSPENSION. 


tunnel under the Thames along. with the use of 
compressed air. 

Though the claim has been made for Mr. Haskin, 
we are certain that he never made any claim for 
originality in the shield used in the Hudson River 
tunnel. The shield system of tunneling under 
rivers was employed by Isambard Brunel in the 
first Thames tunnel of 1825; in 1863 Petar A. Bur- 
low patented a shield for tunnel construction; an 
in 1869 Barlow and J. H. Greathead actually used 
this shield in the construction of the London 
Tower tunnel under the Thames; and Mr. A, E. 


Another name deserving record in connection 
with the early work on the Hudson River tunnel 
is that of the Icete Trenor W. Park, who, with the 
courage of his convictions and his faith in Mr. 
Haskin, supplied the bulk of the funds originally 
expended upon this work. Mr. Park was an emi- 
nent lawyer and capitalist who was prominent 
in the development of California gold mines and 
later in the building and operation of ths Panama 
R. R., of which he was President until his death 
in 1882. He is said to have expended nearly two 
million dollars upon the Hudson Tunnel enterprise. 
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ENGINEERING NEWS. 


SOME OF THE REASONS WHY SEPARATORS ARE NOT 
USED IN PORTLAND CEMENT WORKS. 
By Edwin C. Eckel.* 

Practically every writer who has discussed the 
crushing practice at American Portland cement 
plants, has noted and deplored the absence of sep- 
arators. In spite of this general unity of opinion 
on the subject, only a few plants, to the writer's 
knowledge, are now equipped with any separa- 


it is probably safe to say that in a series of re- 
ducers (consisting, for example, of a coarse 
crusher, a fine crusher, a Williams or ball mill 
and tube mills), the product per hour of the 
series could be increased at least 50% by simply 
placing separators between each of the steps of 
the reries. The cost of crushing, per ton of prod- 
uct would incidentally be decreased but not in 
quite the same ratio. _ 

DISADVANTAGES OF SEPARATORS.—In view 
of the enormous gain in output that would be 
secured by the use of separation, as noted in the 


(Madison Square Exchange Reconstruction.) 


tors; and none have as many as might be used. 
In view of the fact that American Portland ce- 
ment practice, so far as crushing methods are 
concerned, is to-day far ahead of crushing prac- 
tice in ore-treatment works, this apparent disre- 
gard of one great principle of general crushing 
practice seems to require some explanation. It 
will not do merely to assume that separators are 
omitted because the advantages to be gained 
from their use are not understood by designers 
and managers of cement plants, for that amounts 
to charging a peculiarly expert class of mechan- 
ical engineers with gross ignorance. In the opinion 
of the writer, the general omission of separators 
is entirely justified by certain conditions peculiar 
to the process of cement manufacture; and the 
general use of separators would be a serious er- 
ror in this business. As this opinion may not he 
generally accepted, and as the grounds on which 
it is based have never been discussed in print, 
the advantages and disadvantages of separators 
may be worth discussing in some detail. This is 
particularly necessary because the writer real- 
izes, and freely admits that the views which he 
holds may be proven to be based on incorrect 
premises. In that case a relatively brief series ot 
experiments which could be carried on in any 
cement mill, would be of great service to all in- 
terested in the technology of the cement industry. 

ADVANTAGES OF SEPARATORS.—In crush- 
ing any meéterial, if the only things to be arrived 
at are low cost of crushing per ton of product and 
high tonnage of product per hour, one fact may 
be regarded as firmly established. That is, that 
it is an error to feed to any machine (of the series 
of reducers employed) material fine enough to go 
to some machine further along in the reduction 
process. Beginning with the first or coarsest 
erusher of the series, while most of its product 
will only be fine enough to go to the next or sec- 
ond crusher, a certain part of its product will be 
sufficiently fine to be passed on to the third or 
even the fourth reducer. If this be done, the 
product per hour of the series will be greatly in- 
creased, each machine will be working on mate- 
rial of fairly uniform size, and the cost of crush- 
ing per ton will be greatly reduced. 

Applying this to the Portland cement industry, 


*U. S. Geological Survey, Washington, D. C. 


preceding paragraph, it is evident that the dis- 
advantages attending their use must also be very 
great—for otherwise every cement mill would now 
be fully equipped with them. The principal dis- 
advantages attending the use of separators, in a 
Portland cement plant, are two: (1) Separators de- 
stroy the uniformity of the product. (2) Sepa- 
rators prevent the attainment of very great fine- 
ness. These two objections will be discussed in 
the order named. It is probable that the second 
is, in actual. practice, the more important, 

UNIFORMITY OF PRODUCT DESTROYED 
BY SEPARATORS— 


Vol. LI. No. ; 
4. 
be particles of the constituent which is m, —— 
ily pulverized. Similar effects wil] ~~ read. 


separators be used in the progress _— 
grinding; for the lighter, more readily — 


portions will be separated from the rest ‘ — 
uniformity of the product will be destra. ._ the 
GREAT FINENESS PREVENTED };\ 
RATORS.—If, in a plant not using separa: ». 
finest grinders be adjusted to give a - Pipe 
which 95 per cent. passes, a 100-mes) ... 
very large proportion of that product (<.: He Ki 
75%) will pass a 200-mesh sieve. If s i : 
were installed throughout the plant, and , a 
adjustment of the fine grinders main ; 
product passing the same 95% throug: ‘oo 
mesh sieve would probably pass » over 
60% through 200 mesh. As it is ;: per- 
centage of very finely ground partic); hich 
gives the chief value to the cement, the 9.0 of 
separators on the clinker grinding side i ce. 
ment plant would seem to be inadvigsa! In 
pulverizing raw materials the same object). can 
be made, though it is not so importani as jn 


grinding the finished product. 


A SMALL WATER-WORKS SYSTEM AT HENSON VILLE, 
By E. W. Moxley.* 

Hensonville, N. Y., is a pretty village of about 
fifty families, in the heart of the Catskill 
Mountains, about seven miles from Hunter. The 
water-works, which were completed just before 
the cold weather set in in the fall of 1903, consist 
of about 5,700 ft. of 6-in. and 1,950 ft. of 4-in. 
pipe, 15 hydrants and the necessary gate valves. 


The distance from the center of village to the 
reservoir is 4,600 ft. and the difference in eleya- 
tion is 200 ft. The reservoir is an open one of 


about 800,000 gallons capacity, and is well sup- 
plied with water from several large springs. The 
springs have been stoned up and the water piped 
into a catchbasin near the upper end of the res 
ervoir, 

From this catchbasin the water is piped to a 
point below the earth dam which forms the reser- 
voir and delivered into the supply main leading 
direct to the village. The surplus water is deliv- 
ered through the upper end of the main pipe into 
the bottom of the reservoir. The valves are so 
arranged that all the pipes can be flushed and 
cleaned and the water drawn from the reservoir 
without interfering with the supply at the vil- 
lage, the water being drawn direct from the catch- 


Throughout entire 
course of cement manufac- 
turing processes, from the 
moment the raw materials 
enter the mill until the fin- 
ished cement is . packed, 
the object of the manufac- 
turer is to attain a product 
as nearly homogeneous as 
possible. The quality of 
the cement depends, in 
large part, on the extent 
to which his attempts to 
secure absolute uniformity 
have been successful. In 
the opinion of the pres- 
ent writer, one great ob- 
jection to the introduction 
of separators into cement 
practice is that their use 
will tend to destroy this 
uniformity. 

The action of separators 
is based commonly on 
one of two princip!es. They 
take advantage either 
(a) of differences in the weight of particles, 
or (b) in differences of size of particles. In the 
first case, the separator, other things being equal, 
will take out both the finer particles and the par- 
ticles of lowest specific gravity. In dealing with 
raw mixtures they will tend to separate the clay 
particles from the limestone particles. Separators 
depending for their action on the differences in 
size between the particles, will take out the finer 
—which, other things being equal, will, of course, 


FIG. 5. SUSPENSION GIRDERS AND LEVELING BOARD. 


(Madison Square Exchange Reconstruction.) 


basin which operates as a storage at such times 
as the reservoir is emptied. 

The works were designed by the writer and 
were built under his personal supervision, mosily 
by Italian labor. Construction was begun on Oct. 
7 and ended by laying the last pipe on Dec. %, 
1903. The total cost of the plant was about $9,/). 
The works are Owngd by a corporation compos d 
of local capitalists. 

“¥Civil Engineer and Surveyor,.Jefferson, N. Y. 
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